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PREFACE  TO  THE  FIRST  EDITION. 


Thebb  chapters  on  Anthropogeny  are  the  first  attempt 
to  render  the  facts  of  human  germ-)iistory  accessible  to  a 
wider  circle  of  educated  people,  and  to  explain  these  facts 
by  human  tribal  history.  I  have  not  overlooked  the  great 
difGculty  and  danger  involved  in  thus  entering  for  the 
first  time  on  ground  which  is  so  especially  full  of  risks. 
No  other  branch  of  natural  science  yet  remains  so  ex- 
clusively confined  to  its  own  technical  students ;  no  other 
branch  has  been  so  wilfully  obscured  and  mystified,  by 
priestly  influence,  as  has  the  germ-history  of  Man.  If, 
even  now,  we  say  that  each  human  individual  develops 
from  an  egg,  the  only  answer,  even  of  most  so-called  edu- 
cated men,  will  be  an  incredulous  smile  ;  if  we  sliow  them 
the  series  of  embryonic  forms  developed  from  tins  human 
egg,  their  doubt  will,  as  a  rule,  change  into  disgust.  Fen* 
educated  men  have  any  suspicion  of  the  fact,  that  these 
human  embryos  conceal  a  greater  wealth  of  impoitant 
truths,  and  form  a  more  abundant  source  of  knowled;;e  than 
itf  afforded  by  the  whole  mass  of  most  other  sciences  and 
of  all  so-called  "revelations." 
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Nor  is  this  surprising,  when  we  see  what  a  little  way 
the  knowledge  of  human  evolution  has  spread  even  among 
the  very  students  of  Nature.  Even  in  most  works  devoted 
to  the  Natural  History,  Anatomy,  Physiology,  Ethnology, 
and  Psychology  of  Man,  it  is  evident  at  a  glance  that  their 
authors,  if  not  ignorant,  have  at  least  a  very  superficial 
knowledge  of  human  germ-history,  and  that  tribal  history 
lies  far  beyond  them.  The  name  of  Darwin  is^  indeed,  in 
every  mouth.  But  few  persons  have  really  assimilated 
the  theory  of  descent,  as  reformed  by  him  ;  few  have  made 
it  part  of  themselves.  To  show  how  far  even  biologists  of 
repute  are  from  thoroughly  understanding  the  history  of 
evolution,  no  more  remarkable  recent-  instance  can  be 
found  than  the  well-known  address,  on  **  The  Limits  of 
Natural  Knowledge,"  delivered  by  the  celebrated  physio- 
logist, Du  Bois  Eeymond,  in  1873,  before  the  naturalista 
assembled  at  Leipzig.  This  eloquent  address,  the  source 
of  such  triumph  to  the  opponents  of  the  theory  of  evolu- 
tion, the  cause  of  such  pain  to  all  friends  of  intellectual 
advance,  is  essentially  a  great  denial  of  the  history  oj 
evolution.  No  thoughtful  naturalist  will  disagree  with  the 
Berlin  physiologist  when,  in  the  first  half  of  his  address, 
he  explains  the  limits  of  natural  knowledge,  as  they  ai*6  at 
present  set  to  man  by  his  vertebrate  nature.  But  it  is 
equally  certain  that  every  monistic  naturalist  will  protest 
against  the  second  half  of  the  address,  in  which,  not  only 
is  another  limit,  assumed  to  be  different  (but  in  reality 
identical),  indicated  for  human  knowledge,  but  the  con- 
clusion is  finally  drawn,  that  man  will  never  pass  over 
these  limits  :  "  We  shall  never  know  that !    Ignorabimus I '' 

As  the  unanimous  thanks  of  the  Eccksia  viUitans  have 
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been  gained  by  the  author  of  this  "  Ignorabivius,'*  the  most 
deserving  student  of  the  electricity  of  nerves  and  muscles, 
we  must  here  most  emphatically  protest  in  the  name  of 
advancing  natural  knowledge  and  of  all  science  capable 
of  development.  Had  our  one-celled  Amceba-ancestors  of 
the  Laurentian  Period  been  told  that  their  descendants 
would  afterwards,  in  the  Cambrian  Period,  produce  a  many- 
celled  Worm-like  organism  possessed  of  skin  and  intestine, 
muscles  and  nerves,  kidneys  and  blood-vessels,  they  would 
certainly  not  have  believed ;  nor,  again,  would  these  Worms 
have  believed,  had  they  been  told  that  their  descendants 
would  develop  into  skull-less  Vertebrates,  such  as  the 
Amphioxus ;  nor  would  these  Skull-less  Animals  have 
credited  that  their  posterity  would  ever  become  Skulled 
Animals  (Craniota).  Our  Silurian  Primitive-fish  ancestors 
would  have  been  equally  hard  to  convince  that  their  off- 
spring of  the  Devonian  Period  would  acquire  amphibian 
form,  and  yet  later,  in  the  Triassic  Period,  would  appear 
as  Mammals ;  the  latter,  again,  would  have  deemed  it  im- 
possible that,  in  Tertiary  times,  a  very  late  descendant 
of  theirs  would  acquire  human  form,  and  would  gather  the 
splendid  fruits  of  the  tree  of  knowledge.  All  these  would 
have  answered  :  **  We  shall  never  change,  nor  shall  wo 
ever  understand  the  history  of  our  evolution !  Nunquam 
mutabimur  f     Samper  ignarahimus  !  ** 

With  this  IgnorabhnuM  the  Berlin  school  of  Biology 
tries  to  stop  science  in  its  advance  along  the  paths  of 
evolution.  This  seemingly  humble  but  really  audacious 
**  Ignorabimus'*  is  the  '*  Ignoratis'*  of  the  infallible 
Vatican  and  of  the  "  black  international ''  which  it  leads  ; 
that  mischievous  host,  against  which  the  modem  civilized 
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state  has  now  at  last  begun  in  earnest  the  ''struggle 
for  cultui-e."  In  this  spiritual  warfare,  which  now  moves 
all  thinking  humanity,  and  which  prepares  the  way  for  a 
future  existence  more  worthy  of  man,  spiritual  freedom 
and  truth,  reason  and  culture,  evolution  and  progress 
stand  on  the  one  side,  marshalled  under  the  bright  banner 
of  science ;  on  the  other  side,  marshalled  under  the  black 
flag  of  hierarchy,  stand  spiritual  servitude  and  falsehood, 
want  of  reason  and  barbarism,  superstition  and  retrogres- 
sion. The  trumpet  of  this  gigantic  spiritual  warfare 
marks  the  dawn  of  a  new  day  and  the  end  of  the  long 
darkness  of  the  Middle  Ages.  For  modem  civilization,  in 
spite  of  the  progress  of  culture,  lies  bound  in  the  fetters 
of  the  hierarchy  of  the  Middle  Ages ;  and  social  and  civil 
life  is  ruled,  not  by  the  science  of  truth,  but  by  the  faith 
of  the  church.  We  need  but  mention  the  mighty  influence 
which  irrational  dogmas  still  exercise  on  the  elementary 
education  of  our  youth;  we  need  but  mention  that  the 
state  yet  permits  the  existence  of  cloisters  and  of  celibacy, 
the  most  immoral  and  baneful  ordinances  of  the  "only- 
saving  "  church ;  we  need  but  mention  that  the  civilized 
state  yet  divides  the  most  important  parts  of  the  civil 
year  in  accordance  with  church  festivals ;  that  in  many 
countries  it  allows  public  order  to  be  disturbed  by  chiu-ch 
processions,  and  so  on.  We  do  indeed  now  enjoy  the 
unusual  pleasure  of  seeing  *'  most  Christian  bishops  "  and 
Jesuits  exiled  and  imprisoned  for  their  disobedience  to  the 
laws  of  the  state.  But  this  same  state,  till  very  recently, 
harboured  and  cherished  these  most  dangerous  enemies  of 
reason. 

In  this  mighty  ''  war  of  culture,*'  affecting  as  it  does 
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tbe  whole  history  of  the  World,  and  in  which  we  may  well 
doom  it  an  honour  to  take  part,  no  better  ally  than  Anthro- 
pogeny  can,  it  seems  to  me,  be  brought  to  the  assistance 
of  struggling  truth.  The  history  of  evolution  is  the  heavy 
artillery  in  the  struggle  for  truth.  Whole  ranks  of  dualist ic 
sophisms  fall  before  the  monistic  philosophy,  as  before  the 
chain  shot  of  artillery,  and  the  proud  structure  of  the 
Roman  hierarchy,  that  mighty  stronghold  of  infaUible 
dogmatism,  falls  like  a  house  of  cards.  Whole  libraries 
of  church  wisdom  and  false  philosophy  melt  away  as  soon 
as  they  are  seen  in  the  light  afforded  by  the  history  of 
^volution.  The  church  miUtant  itself  furnishes  the  most 
striking  evidences  of  this,  for  it  never  ceases  to  give  the 
lie  to  the  plain  facts  of  human  germ-history,  condemning 
them  as  ''diabolical  inventions  of  materialism.*'  In  so 
doing  it  gives  the  most  brilliant  witness  that  it  recognizes 
as  unavoidable  the  conclusions  which  we  have  drawn  from 
these  facts  as  to  tribal  history,  as  to  the  true  causes  of 
these  facts. 

In  order  to  render  these  little  known  facts  of  germ- 
history  and  their  causal  explanation  by  tribal  history 
accessible  to  as  wide  a  circle  of  educated  readers  as  pos- 
sible, I  have  followed  the  same  course  as  that  which 
I  adopted,V8ix  years  ago,  in  my  "Natural  Ilistory  of 
Creation,"  ot  which  the  "  Anthropogeny  "  forms  a  second, 
more  detailed  part.  In  the  summer  of  1873  I  had  the 
academical  lectures,  on  the  outlines  of  the  history  of 
human  evolution,  which  I  have  delivered  during  the  last 
twelve  years  in  Jena  before  a  mixed  audience  of  students 
of  all  faculties,  taken  down  in  shorthand  by  two  of  that 
ivodience,  Messrs.  Eiessling    and  Schlawe.     Tbe  task  I 
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undertook  in  publishing  these  was  indeed  much  harder  than 
that  incurred  in  the  "Natural  History  of  Creation;  *'  for 
while  the  latter  passed  Ughtly  through   the   widest  circle 
of  biological  phenomena,  and  touched  only  on  the  most 
interesting  points,  I  was  obliged,  in  the  *'  History  of  the 
Evolution  of  Man,"  to  exhibit  a  much  more  Umited  series 
of  phenomena  in  their  proper  connection,  of  which,  indeed, 
each  individual  one  is  interesting  in  its   proper  place, 
although  they  are  of   very  various  degrees  of  interest. 
Moreover,   the  comprehension  of  form-phenomena,  with 
which  human  germ-history  deals,   is    among    the    most 
difficult  of  morphological  tasks ;   the  academical  lectures 
on  the  history  of  human  evolution  are  rightly  considered 
even  by  medical  men,  who  are  previously  acquainted  with 
the  anatomical  features  of  the  human  body,  as  the  most 
difficult  to  understand.     I  saw,  therefore,  that,  if  I  desired 
to  make  the  road  into  this  dark  region,  entkely  closed  as 
yet  to  most  men,  really  accessible  to  the  educated  laity, 
I  must,  on  the  one  hand,  Umit  myself  as  far  as  possible  in 
my  selection  from  the  abundance  of  empiric  matter,  and 
yet,  on  the  other  hand,  that  I  must  be  careful  not  to  pass 
entirely  over  any  essential  part  of  this  matter. 

Although,  therefore,  I  have  throughout  taken  pains  to 
present  the  scientific  problem  of  Anthropogeny  in  as 
popular  a  form  as  possible,  I  do  not  imagine  that  I  have 
completely  accomplished  this  very  difficult  task.  I  shall, 
however,  have  gained  my  object  if  I  succeed  in  affording 
educated  persons  an  approximate  conception  of  the  most 
essential  outhnes  of  human  germ-history,  and  in  con- 
vincing them  that  the  sole  explanation  and  comprehension 
of  the  matter   is   afforded  by  the    corresponding   tribal 
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history.  Perhaps,  at  the  same  time,  I  may  hope  to  con- 
vince some  of  those  specialists,  who  deal  indeed  daily 
with  the  facts  of  germ-history,  hut  who  neither  know  nor 
wish  to  know  anything  about  the  true  causes  of  these, 
which  lie  hid  in  tribal  history.  As  this  is  quite  the  first 
attempt  to  present  the  Ontogeny  and  Phylogcny  of  man  in 
their  whole  causal  connection,  I  fear  that,  at  best,  the 
point  at  which  I  aim  lies  far  beyond  the  point  gained. 
But  by  this  each  thinking  man  will,  it  is  to  be  hoped,  be 
convinced  that  only  by  recognizing  this  connection  does 
the  history  of  human  evolution  become  a  science.  On- 
togeny can  only  be  really  understood  through  Phylogeny. 
The  history  of  the  tribe  lays  bare  the  true  causes  of  the 
history  of  the  germ. 

EuNST  Hkinkich  IIaeckel. 

Jena^  July  13,  1874. 
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When,  two  years  ago,  I  published  the  first  edition  of  the 
''  History  of  the  Evolution  of  Man,"  and  this  was  followed, 
a  few  months  later,  by  an  unaltered  second  edition,  I  was 
fully  conscious  of  the  hazard  involved  in  so  doing,  and 
was  prepared  to  meet  with  numerous  attacks.  These  were 
not  slow  to  come;  and  if  I  were  now  obliged  to  answer  all 
my  opponents,  this  third  edition  might  easily  be  doubled  in 
size.  I  think,  however,  that  I  may  satisfy  myself  with  but 
a  few  remarks. 

The  great  majority  of  my  opponents  are  determined 
enemies  of  the  Doctrine  of  Descent,  who  altogether  deny 
a  natural  evolution  of  organic  nature,  and  who  can 
only  explain  both  the  origin  of  man  and  that  of  animal 
and  plant  species  with  the  help  ot  miracles,  by  super- 
natural creative  acts.  These  adherents  of  the  Creation 
Theory  I  need  not  answer;  for  Anthropogeny,  as  the 
iipecial  application  of  the  Theory  of  Descent  to  Man, 
naturally  starts  from  the  recognition  of  tiiis  latter  theory : 
ten  years  ago,  in  my  OenerelU  Morphologies  and  again  in 
the  *'  Natural  History  of  Creation,"  I  explained  my  own 
eonception  of  this  in  sufficient  dctaiL 
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I  cannot,  however,  refrain  from  defending  my  stand' 
point  against  those  naturaUsts,  who,  taking  their  position 
indeed  on  the  Theory  of  Descent  and  on  Darwinism,  yet 
combat  my  individual  conception  of  this,  and,  especially, 
regard  my  application  of  the  theory  to  Anthropogeny  as 
erroneous.  Many  of  these  naturaUsts,  who  were  formerly 
determined  opponents  of  the  Theory  of  Descent,  have 
recently  passed  over  to  Darwin's  camp,  merely  in  order 
not  to  stand  entirely  inactive  at  the  barren  standpoint 
offered  by  negation.  Against  two  of  these  false  Darwinists, 
Wilhelm  His  and  Alexander  Goette,  I  have  defended 
myself  in  a  special  work  on  "  The  Aims  and  Methods  of  the 
Modern  History  of  Evolution"  (**  Ziele  und  Wege  der  Heuti- 
gen  Entwickelungsgeschichte."  Jena,  1875).  To  that  work 
I  now  refer.  On  the  other  hand,  I  have  been  forcibly 
attacked  by  naturalists  who  are  really  esteemed  as  well- 
known  and  convinced  adherents  of  the  Theory  of  Evolu- 
tion. Of  these,  Karl  Vogt  and  Albert  Kolliker  require  a  few 
words  of  answer. 

Vogt,  whose  many  services  in  furthering  Zoology  I  have 
always  most  readily  acknowledged,  ranked  second  to  Huxley 
among  those  naturalists  who,  but  a  few  years  after  the 
appearance  of  Darwin's  **  Origin  of  Species,"  attempted  to 
apply  the  theory  contained  in  that  work  to  Man  and 
represented  this  as  necessary.  He  aftei-wards,  however, 
made  no  further  progress  in  the  same  du-ection.  While,  na 
I  am  convinced,  the  mass  of  facts  already  accumulated  in 
Comparative  Anatomy,  Ontogeny,  PalsBontology,  and  Sys- 
tematic Zoology,  is  amply  suflScient  to  afford  the  most 
general  points  on  which  to  base  the  hypothetic  human 
pedigree,  Karl  Vogt  now  holds  opposed  views,  and  entirely 
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rejects  the  ancestral  series  as  I  have  arranged  it.  Ho 
says !  *'  We  have  been  able  to  prove  the  assertion  that  Men 
and  Apes  must  have  originated  from  a  common  line ; — more 
than  this  we  have  never  asserted,  and  further  back  than 
Ibis  it  is  absolutely  impossible  to  prove  anything  or  even 
to  show  with  any  degree  of  probability  more  than  that, 
at  farthest,  the  higher  Mammals  may  perhaps  have  de- 
veloped from  Pouched  Animals  {MarsupiaUa)"  Against 
this  view  of  Yogi's,  I  assert,  that  with  the  same  logical 
"certainty  or  probability"  the  common  descent  of  all 
Mammals  from  lower  Vertebrates,  primarily  from  Am- 
phibia, less  immediately  from  Fishes,  may  be  '*  proved." 
With  the  same  **  certainty  or  probability  '* — I  assert  again 
— the  descent  of  all  these  Skulled  Animals  {Craniota)  from 
Skull-less  forms  {Acrania,  allies  of  Amphioxus),the  descent 
of  these  latter  from  Chorda  Animals  (Chordonia,  forms 
allied  to  Ascidia),  and  the  descent  of  these  Chorda  Animals 
from  low  Worms,  "  may  be  proved."  With  the  samu 
*'  certainty  or  probability  " — I  say  finally — "  we  have  been 
able  to  prove  the  assertion,"  that  these  Worms  must, 
in  their  turn,  have  originated  from  a  Gastrasa  (resembhng 
the  gastrula),  and  these  Gastro^ads  from  a  one-celled 
organism  (resembling  the  undifferentiated  Amoeba).  Proofs, 
as  I  believe,  of  these  assertions  are  given  in  Chapters 
Xin.-XXV.  of  this  edition. 

The  whole  of  this  hypothetic  pedigi-ee  Karl  Vogt  entirely 
rejects,  without,  however,  substituting  another.  lie  espe- 
cially denies  our  relationship  with  the  Selachii  and  the 
Araphioxus,  with  the  Ascidia  and  the  Gastraa,  although  the 
especially  great  pliylogenetic  significance  of  these  instruc- 
tive animal-forms  is  almost  unanimously  recognized  Ly  the 
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first  authorities  in  our  science.  Whilst  Vogt  completely 
opposes  himself  to  these  important  views,  which  from 
day  to  day  become  more  firmly  established,  he  refers  to 
Karl  Semper,  a  "gifted"  naturalist,  who  shares  theso 
views  of  Vogt's,  and  who  derives  Vertebrates  from  Ringed 
Worms  {Annelida).  I  regret  that  I  can  make  no  use  of 
this  reference;  nor  do  I  find  reason  to  answer  Semper*8 
polemic  on  "HaeckeUsm  in  Zoology"  (*' Haeckelismus  in 
der  Zoologie."  Hamburg,  1876) ;  for,  apart  from  hie  de- 
fective education  and  his  insufficient  acquaintance  with  the 
whole  subject  of  Zoology,  this  "gifted"  zoologist  is  so 
much  at  variance  with  logic,  as  also  with  truth,  that 
refutation  seems  superfluous.  (Cf.  vol.  i.  p.  91  and  p.  426.) 
An  example  is  sufficient  to  show  this :  In  order  to  indicate 
the  scientific  value  of  " Haeckelism,"  and  in  order  "to 
show  that  this  tendency  must  continually  diverge  more 
and  more  widely  from  the  really  scientific  study  of 
nature,"  Semper  brings  forward  the  fact  that,  "  according 
to  Haeckel's  own  statement,  Darwinism  should  be  the 
religion  of  every  naturalist."  This  last  statement,  which 
I  consider  absurd,  is  not  mine,  but  that  of  my  determined 
opponent.  Professor  Eiitimeyer,  and  I  quoted  the  sentence 
in  the  preface  to  the  third  edition  of  the  "  Natural  History 
of  Creation  "  merely  to  show  the  singular  ground  occupied 
by  its  author. 

The  wide  cleft  which  separates  my  standpoint  of  the 
history  of  evolution  and  of  natural  science,  as  a  whole, 
fiom  that  of  Vogt  and  Semper  cannot  be  better  indicated 
than  by  our  mutual  position  towards  philosophy.  Karl 
Vogt,  like  his  friend  Karl  Semper,  was  a  sworn  contemner 
of  all  philosophy.     The  former  seizes  every  opportunity  to 
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mock  at  philosophic  tendencies  and  researches ;  and  the 
latter  knows  no  more  severe  charge  to  bring  against  me 
than  that  I  seek  to  unite  empiricism  and  philosophy, 
experience  and  idea,  ''observation  and  reflection."  I  am 
certainly  firmly  convinced  that  a  really  scientific  study  of 
nature  can  no  more  dispense  with  philosophic  reflection, 
than  can  healthy  philosophy  ignore  the  results  of  natural 
scientific  experience.  ''An  exact  empiricism/'  without 
those  philosophic  thoughts  which  combine  and  explain  the 
raw  material  of  facts,  merely  results  in  the  accumulation 
of  a  lifeless  store  of  knowledge  ;  on  the  other  hand, 
"  speculative  philosophy  "  which  knows  nothing  of  the  firm 
basis  afforded  by  natural  scientific  observation,  can  only 
produce  transient  cloud-pictures.  The  most  intimate  com- 
bination and  blending  of  empiricism  and  philosophy  can 
alone  enable  us  to  construct  a  permanent  and  sure  scientific 
structure.  I  still  hold  as  decidedly  as  ever  the  much- 
abused  views  which  I  expressed,  ten  years  ago,  about  this 
matter  in  my  OenereUe  Morphologic,  and  the  fundamental 
ideas  which  I  have  here  reproduced. 

Moreover,  he  must  be  very  one-sided  or  short-sighted 
who  does  not  recognize  the  natural  approximation,  which 
is  now  becoming  more  close  in  all  branches  of  human 
knowledge,  between  experimental  and  reflective  study.  The 
enormous  enlargement  of  the  field  of  empiric  knowledge 
which  has  been  brought  about  by  the  progress  of  the  last 
half-contury,  has  resulted  in  a  corresponding  specialization 
of  separate  researches,  and  consequently  in  an  isolation  of 
diverging  aims  which  cannot  possibly  continue  to  satisfy. 
All  thoughtful  observers  feel,  more  acutely  in  consequence 
of  this,  that  they  must  raise  themselves  from  the  wearisome 


KXXn  PREFACE  TO  THE  THIRD   EDITION. 

task  of  accumulating  dry  details  to  wider  views,  and  thus  to 
gain  sympathy  with  allied  aims.  On  the  other  side,  the 
sterility  of  such  pure  speculative  philosophy  as  ignores  all 
those  enormous  advances  in  empiric  knowledge,  has  so 
forced  its  way  into  the  consciousness  of  all  sound  thinkers, 
that  they  earnestly  desire  to  fall  back  on  the  firm  basis 
afforded  by  experimental  science. 

The  ever-increasing  flood  of  writings  on  natural  philo- 
sophy, and  essays  on  the  relation  of  philosophy  to  natural 
science,  plainly  indicates  the  happy  growth  of  this  scientific 
unitary  tendency.  Nothing  is  more  favourable  to  this', 
nothing  better  advances  the  combination  of  the  various 
scientific  lines,  than  the  new  theory  of  evolution.  The 
extraordinary  importance  ascribed  to  this  theory,  rests 
especially  on  the  fact  that  it  supplies  a  philosophic  central 
point,  and  just  for  this  very  reason  it  has  in  so  short  a 
time  gained  the  active  interest  of  all  thoughtful  minds. 
It  raises  us  from  a  knowledge  of  facts  to  a  knowledge  of 
causes,  and  thus  affords  a  deeper  satisfaction  to  the 
demand  for  causality  innate  in  human  reason  than  a  mere 
experimental  science  could  ever  supply.  When,  therefore, 
Karl  Vogt  and  many  other  naturalists  entirely  reject  philo- 
sophy, and  will  not  allow  that  it  has  any  point  of  union 
with  what  is  called  **  exact  **  natural  science — they  volun- 
tarily renounce  all  the  higher  aims  of  investigation. 
(Of.  vol.  u.  p.  887.) 

Albert  KoUiker  occupies  a  similarly  one-sided  stand- 
point. This  author,  in  the  second  edition  of  his  **  Histoi7 
of  the  Evolution  of  Man  and  the  Higher  Animals  "  (**  Ent- 
wickelungsgeschichte  des  Menschen  und  der  Hohcren 
Thiere,"  1876),  in  especially  attacking  the  fundamental  lau 
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of  Biogeny,  has  impugned  the  very  foundation  on  which 
Anthropogeny  rests.  Most  of  his  objections  are,  it  appears 
to  me,  refuted  by  the  explanations  which  I  have  given 
in  this  third  edition  as  to  tiie  very  important  relations 
of  Palingenesis  and  Kcnogenesis.  (Compare  especially 
Chapters  I.,  VIIL,  and  X.)  Kolliker  will  not  recognize  the 
Gastrsea  Theory  because  he  has  been  unable  to  discover  a 
gastrula  in  Mammals  and  Birds.  But  his  experiences  are 
opposed  to  the  most  recent  researches  of  Van  Beneden  and 
Bauber,  of  whom  the  former  in  the  case  of  the  Babbit,  the 
latter  in  the  case  of  the  Chick,  describes  a  kenogenetic 
gastnila-form,  which,  in  accordance  with  the  Gastra^a 
theory,  may  easily  be  referred  to  the  palingenetic  gastrula 
of  the  Amphioxus.  Kolliker  says  finally  :  **  As  the  last  and 
most  important  argument,  I  bring  forward  the  fact  that 
Phylogeny  as  read  by  Darwin  and  Ilacckcl  docs  not,  it 
appears  to  me,  represent  the  truth."  This  "most  im- 
portant argument  **  is  a  simple  pctitit.  principii.  The  sen- 
tence might  as  well  be,  **  phylogeny  is  not  true  because  it 
does  not  represent  the  truth.** 

How  very  different  in  other  respects  Kolliker's  concept 
Uon  of  the  history  of  evolution  is  from  mine  is  most  clearly 
indicated  in  the  **  General  Observations  **  (§  29)  at  the  end 
of  his  book.  The  learned  Wurzburg  anatomist  there 
explains  with  reference  to  germ-history,  his  "essential 
agreement  in  fundamental  conceptions "  with  the  un- 
learned Leipzig  anatomist  Williehn  His.  I  have  explained 
the  nature  of  these  "  muehanical  fuiulamontal  conceptions*' 
in  Chapter  XXIV.  of  this  book  (vol.  ii.  p.  852  ,  and  in 
greater  detail  in  my  work  on  **  Tlie  Aims  and  Methods  of 
the  Modern  History  of  Evolution  '*  (**  Ziele  und  Wcge  der 
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Heutigen  Entwickelungsgeschichto  ")•  The  celebrated 
theories  of  His,  of  which  I  have  spoken  as  the  '*  envelope 
theory,"  "gum-pouch  theory,"  '* waste-rag  theory,"  etc., 
are  the  brilliant  results  of  that  "gifted"  author's  efforts 
and  mathematical  calculations.  And  yet  many  have 
allowed  themselves  to  be  dazzled  by  the  "exact"  appear- 
ance of  his  mathematical  formula.  The  history  of  the 
evolution  of  organisms,  equally  with  the  history  of  human 
civilization,  can  never  be  the  subject  of  "  exact "  investi- 
gation. The  history  of  evolution  is  in  its  very  nature  an 
historic  natural  science,  as  is  geology.  To  regard  and 
treat  these  and  other  historic  natural  sciences  as  "  exact  " 
leads  to  the  greatest  errors.  This  is  as  true  of  germ- 
history  (Ontogeny)  as  of  tribal  history  (Phylogeny) ;  foi 
between  the  two  there  is  the  most  intimate  causal 
connection. 

Many  naturalists  have  especially  blamed  the  diagram- 
matic figures  given  in  the  Anthi-opogeny.  Certain  tech- 
nical embryologists  have  brought  most  severe  accusations 
against  me  on  this  account,  and  have  advised  me  to  substi- 
tute a  larger  number  of  elaborated  figures,  as  accurate  as 
possible.  I,  however,  consider  that  diagrams  are  much 
more  instructive  than  such  figures,  especially  in  popular 
scientific  works.  For  each  simple  diagrammatic  figure 
gives  only  those  essential  form-features  which  it  is  intended 
to  explain,  and  omits  all  those  unessential  details  which  in 
finished,  exact  figures,  generally  rather  disturb  and  confuse 
than  instruct  and  explain.  The  more  complex  are  the 
form-features,  the  more  do  simple  diagrams  help  to  make 
them  intelligible.  For  this  reason,  the  few  diagrammatic 
figures,  simple  and  rough  as  they  were,  with  which  Bacr 
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bftif  a  century  ago  accompanied  his  well-known  "  History 
of  the  Evolution  of  Animals/'  have  been  more  serviceable 
in  rendering  the  matter  intelligible  than  all  the  numerous 
and  Tory  careful  figures,  elaborated  with  the  aid  of 
camera  lucida,  which  now  adorn  the  splendid  and  costly 
atlases  of  His,  Goette,  and  others.  If  it  is  said  that  my 
diagrammatic  figures  are  "inaccurate,"  and  a  charge  of 
**  falsifying  science  "  is  brought  against  me,  this  is  equally 
true  of  all  the  Tery  numerous  diagrams  which  are  daily  used 
in  teaching.    All  diagrammatic  figures  are  **  inaccurate.^ 

The  important  advances  in  many  different  directions 
made  during  the  last  two  years,  both  by  germ-history  and 
tribal  history,  especially  the  reconstruction  of  the  germ- 
iayer  theory  and  the  development  of  the  Gastrsa  theory, 
have  compelled  me  essentially  to  modify  the  second  and 
third  sections  of  the  Anthropogeny.  Chapters  VIH.,  IX., 
XVL,  and  XIX.  especially  appear  in  a  new  form  ;  but  even 
in  Sections  I.  and  IX.  I  have  been  compelled  to  modify 
much  and  to  improve  many  parts.  At  the  same  time  I 
have  exerted  myself  to  the  utmost,  by  improving  the  formal 
exposition,  to  render  the  extremely  dry  and  unacceptable 
matter  more  interesting.  This  is,  of  course,  an  unusaliy 
hard  task,  and  I  am  well  aware  how  far  even  this  third 
edition,  in  spite  of  all  my  eff^orts,  is  from  affording  a  really 
popularly  intelligible  explanation  of  the  Ontogeny  and 
Phylogeny  of  Man.  Because  the  defective  natural  scien- 
tific instioiction  in  our  schools,  even  in  the  present  day, 
leaves  educated  men  quite  or  nearly  ignorant  of  the  struc- 
ture and  arrangement  of  their  bodies,  the  anatomical  and 
physiological  foundation  is  usually  wanting,  on  which  alone 
a  true  knowledge  of  human  germ-history,  and  consequently 
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of  human  tribal  history,  can  be  based.  And  yet,  as  Baer 
says,  "no  investigation  is  more  worthy  of  a  free  and 
thoughtful  man  than  the  study  of  himself."  (Cf.  vol.  i. 
p.  244.)  Hoping,  as  I  do,  that  I  may  have  aided  to  some 
extent  to  bring  about  this  true  self-knowledge,  I  shall  have 
gained  my  purpose  if  my  labours  arouse  an  active  interest 
in  wider  cu'cles  in  the  historic  evolution  of  our  animal 
organism,  and  if  they  advance  the  knowledge  of  this  most 
significant  process. 

Ernst  IIeinricu  Haeokel. 

Jena,  October  G,  1876. 


PROMETHEUS. 

Envcil  tbine  heaven,  Zeus,  with  vaporous  cloud. 

And  practise,  like  a  boy  beheading  thistles, 

On  oaks  and  mountain  summits ; 

Yet  must  thou  let  mj  earth  alone  to  stand, 

And  these  my  dwellings,  which  thou  didst  not  bniU, 

And  these  my  flocks,  for  whose  bright  glow 

Thou  enviest  me* 

I  know  not  au^jht  more  wretched 

Beneath  the  sun  than  jou,  ye  Gods  I 

Who  nourish  piteously, 

With  tax  of  sacrifice  and  reck  of  prayer ;  your  glory 

Would  starve,  if  children  were  not  yet,  and  suppliauta, 

So  full  of  hope — and  foola. 

When  I  was  young,  and  knew  not  whence  nor  whither^ 

I  used  to  turn  my  dazzled  eyes  to  the  sun. 

As  if  above  me  were 

An  ear  to  listen  to  my  crying, 

A  heai't,  like  mine,  to  pity  those  oppress'd. 

Who  aided  me  against  the  Titans*  arrogance  ? 

Who  rescued  me  from  death,  from  slavery  ? 

'Tis  thou  alone  hast  wrought  it  all,  thou  holy,  jrlowir -r  h  art. 

Thou  didst  glow  young  and  fresh,  thout^h  clKHifl :  ilianks  for 

saving 
That  slumbering  one  above. 

Why  should  I  honour  thee  P 

Hast  thou  e'er  lightened  the  woes  of  the  laden  ones? 
I  last  thou  e*er  dried  the  tears  of  the  sorrowful  ? 
It  was  not  thou  who  welded  me  to  mnnhood. 
But  Time  the  almighty,  Fate  the  everlasting, 
liy  Lords  and  thine. 


ZXXYlil  FAUST. 

Dost  fondly  fancy  I  shall  haio  mj  life. 
And  hie  me  to  the  waste,  because  not  all 
My  blossom-dreams  bear  f  riiit  ? 

Here  sit  I  forming  manhood  in  my  image, 

A  race  resembling  me, 

To  sorrow,  and  to  weep, 

To  taste,  to  hold,  to  enjoy, 

And  not  take  heed  of  thoe, 

Aa  1 1  Goethe. 


FAUST. 

Earth*B  narrow  circle  is  well  known  to  mo ; 
What  is  above  the  eye  can  never  see. 
Fool,  who  peers  thither  with  his  vision  dim, 
And  feigns  a  crowd  of  beings  like  to  him ! 

Let  him  look  round  him,  standing  without  fear; 
This  world  speaks  plain  for  who  has  ears  to  hear: 
He  need  not  stray  within  the  vast  to  be, 
But  clasp  what  he  can  feel  and  see. 

So  let  him  wander  all  his  earthly  day ; 

Though  ghosts  should  walk,  still  let  him  go  his  ways 

In  every  progress  woe  and  joy  betide, 

Though  every  moment  be  unsatisfied. 

Yes,  in  this  thought,  I  fix  unswerving ; 

Wisdom  gives  thus  her  judgment  form ; 
Those  are  of  Freedom,  Life,  deserving. 

Who  daily  take  them  both  by  stornu 

Gk>BTHl. 
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CHAPTER  L 

THE  FUNDAMENTAL  LAW  OF  THE  EVOLUTION  OF 

ORGANISMS. 

QeDcral  Significaooe  of  the  History  of  the  Erolatioa  of  Man. — Ignoimnee  of 
it  amoDg  the  to-called  Educated  Classes. — The  Two  Branches  of  the 
History  of  Evolation. — Ontogeny,  or  the  History  of  Qerms  (Embryos), 
and  Phylogeny,  or  the  History  of  Descent  (or  of  the  Tribes). — Causal 
Connection  between  the  Two  Series  of  Evolution. — The  ETolntion  of 
the  Tribe  determines  the  Evolotion  of  the  Germ. — Ontogeny  as  an 
Epitome  or  Recapitalation  of  Phylogeny.  The  Incompleteness  of  this 
Epitome. — The  Fundamental  Law  of  Biogeny. — Heredity  and  Adapta- 
tion are  the  two  FormatiTe  Fnnctions,  or  the  two  Mechanical  Canses, 
of  Evolution. — Absence  of  Purposive  Causes. — Validity  of  Mechanical 
Causes  only. — Substitution  of  the  Monistic  or  Unitary  for  the  Dualistic, 
or  Binary  Cosmology. — Radical  Importance  of  the  Facts  of  Embryology 
to  Monistic  Philosophy. — Palingenesis,  or  Derived  History,  and  Keno> 
genesis,  or  Vitiated  History. — History  of  the  ETolutioo  of  Forms  and 
Fnnctions. — Necessary  Connection  between  Physiogeny  and  Morpho< 
gony. — The  History  of  Evolution  as  yet  almost  entirely  the  Product  of 
Morphology,  and  not  of  Physiology. — The  History  of  the  Evolution  of 
the  Central  Nervous  System  (Brain  and  Spinal  Marrow)  is  involTed 
in  that  of  the  Psychic  Activities,  or  the  Mind. 

"The  History  of  the  Evolution  of  Organisms  consists  of  two  kindred  and 
olosoly  connected  parts  :  Ontogeny,  which  is  the  history  of  the  evolution  of 
individual  organisms,  and  Phylogeny,  which  is  the  historyof  the  evolution 
ci  organic  tribes.  Ontogeny  is  a  brief  and  rapid  recapitulatioo  of 
Phylogeny,  dependent  on  the  physiological  functions  of  Heredity  (roprodiao* 
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tion)  and  Adaptation  (nutntion).  The  indiv!«lnal  organism  rcprodncee  fa 
the  rapid  and  short  course  of  its  own  evohition  the  most  important  of  tho 
changes  in  form  through  which  its  ancestors,  according  to  laws  of  ITercdity 
and  Adaptation,  have  passed  in  the  slow  and  long  course  of  their  palax>ntc>- 
logioai  evolution." — Hakckel's  Qenerelle  Morphologie  (1830). 

TfiE  natural  phenomena  of  the  evolutionary  history  of  man 
claim  an  entirely  peculiar  place  in  the  wide  range  of 
the  scientific  study  of  nature.  There  is  surely  no  subject 
of  scientific  investigation  touching  man  more  closel}^  or  in 
the  knowledge  of  which  he  is  more  deeply  concerned,  than 
the  human  organism  itself ;  and  of  all  the  various  branches 
of  the  science  of  man,  or  anthropology,  the  history  of 
his  natural  evolution  should  excite  his  highest  interest. 
For  it  affords  a  key  for  the  solution  of  the  greatest  of  those 
problems  at  which  human  science  is  striving.  The  greatest 
problems  with  which  human  science  is  occupied — the  inquiry 
into  the  true  nature  of  man,  or,  as  it  is  called,  the  question 
of  "  Man's  Place  in  Nature,"  which  deals  with  the  past 
and  primitive  history,  the  present  condition,  and  future 
of  Man — are  all  most  directly  and  intimately  linked  to  this 
branch  of  scientific  research,  which  is  called  The  History 
of  the  Evolution  of  Man,  or  briefly,  "  Anthropogeny."  ^ 
It  is,  however  a  most  astonishing  but  incontestable  fact, 
that  the  history  of  the  evolution  of  man  as  yet  constitutes 
no  part  of  general  education.  Indeed,  our  so-called  "  edu- 
cated classes"  are  to  this  day  in  total  ignorance  of  tho 
most  important  circumstances  and  the  most  remai'kable 
phenomena  which  Anthropogeny  has  brought  to  light. 

In  corroboration  of  this  most  astounding  fact,  I  will 
only  mention  that  most  "educated  people"  do  not  even 
know  that  each  human  individual  is  developed  from  an 
egg,  and  that  this  egg  is  a  simple  cell,  like  that  of  any 
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animal  or  plant.  They  are  also  ignorant  of  the  fact  thai, 
in  the  development  of  this  egg,  an  organism  is  fitst  formed 
which  is  entirely  different  from  the  fully  developed  human 
b'xly,  to  which  it  bears  no  trace  of  resemblance.  The 
majority  of  "educated  people"  have  never  seen  such  a 
human  germ,  or  embryo,  in  the  early  stages  of  development,* 
nor  are  they  aware  that  it  is  not  at  all  different  from  those 
of  other  animals.  They  do  not  know  that,  at  a  certain 
period,  this  embryo  has  essentially  the  anatomical  structure 
of  a  Lancelet,  later  of  a  Fish,  and  in  subsequent  stages 
those  of  Amphibian  and  Mammal  forms ;  and  that  in  the 
further  evolution  of  these  mammal  forms  those  fii-st  appear 
which  stand  lowest  in  the  series,  namely,  foi-ms  allied  to 
the  Beaked  Animals  (Ornitkorhynchus) ;  then  those  allied 
to  Pouched  Animals  {Marsupialia),  which  are  followed  by 
forms  most  resembling  Apes ;  till  at  last  the  peculiar  human 
form  is  produced  as  the  final  result  These  significant  facts 
are  so  little  known  that,  when  incidentally  mentioned,  they 
are  commonly  doubted,  or  are  even  regarded  as  unfounded 
inventions.  Every  one  knows  that  the  butterfly  proceeds 
from  a  pupa,  the  pupa  from  a  caterpillar,  to  which  it  bears 
no  resemblance,  and  again  the  catei*pillar  from  the  egg  of  the 
butterfly.  But  few,  except  those  of  the  medical  profession, 
are  aware  that  man,  in  the  course  of  his  individual  evolution, 
passes  through  a  scries  of  transformations  no  lesi*  astonishing 
aid  remarkable  tlian  tlie  well-known  metamorphoses  of  the 
butterfly.  The  mere  tracing  of  this  wonderful  series  of  forms, 
thro'igh  which  the  human  embryo  passes  in  the  coiirsc  of  its 
developnjent,  is,  of  course,  of  great  general  interest.  But  our 
understand in;X  will  be  satisfied  in  a  far  hiirher  dejrree,  if  we 
refer  these  remarkable  facts  to  their  final  causes,  and  recogniae 
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thai  these  natural  phenomena  are  of  the  utmost  importance 
to  the  entire  range  of  human  knowledge.  They  are  of 
special  importance  to  the  "  History  of  Creation,"  and,  in 
connection  with  this,  to  philosophy  in  general, — as  we  shall 
presently  see.  Further,  as  the  general  results  of  all  human 
striving  after  knowledge  are  summed  up  in  philosophj^  it 
follows  that  every  branch  of  scientific  research  comes  more 
or  less  in  contact  with,  and  is  influenced  by,  the  History  of 
the  Evolution  of  Man. 

In  undertaking  to  describe  the  most  important  character- 
istics of  these  significant  phenomena,  and  to  trace  them 
back  to  their  final  causes,  I  shall  assign  a  much  greater 
scope  and  aim  to  the  History  of  the  Evolution  of  Man  than 
is  usual.  The  lectures  given  on  this  subject  in  German 
universities  during  the  past  fifty  years  have  been  exclusively 
designed  for  medical  students.  It  is  true  that  the  physician 
is  most  deeply  interested  in  becoming  acquainted  with  the 
development  of  the  bodily  organization  of  man,  with  which 
he  deals,  practically,  from  day  to  day,  in  his  profession.  I 
shall  not  here  attempt  to  give  a  special  account  of  the  course 
of  the  evolution  of  the  individual,  such  as  has  usually  been 
given  in  embryological  lectures,  because  few  of  my  readers 
have  studied  human  anatomy,  or  are  acquainted  with 
the  physical  stmcture  of  the  developed  man.  Hence,  I 
shall  have  to  confine  myself  in  many  points  to  general 
outlines,  neglecting  many  of  the  remarkable  details,  which 
would  have  to  be  discussed  in  treating  of  the  evolution  of 
special  human  organs,  but  which  from  their  complicated 
nature,  and  because  they  are  not  easy  to  describe,  can  only 
be  completely  undei-stood  by  the  aid  of  an  intimate  ac- 
quaintance with  human  anatomy.     I  shall  strive^  however, 
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to  present  this  branch  of  the  science  in  as  popular  a  form  as 
possible.  A  satisfactory  general  idea  of  the  course  of  the 
evolution  of  the  human  embryo  can,  indeed,  be  given  without 
going  very  deeply  into  anatomical  details.  As  numerous 
successful  attempts  have  recently  been  made  to  awaken 
the  interest  of  larger  classes  of  educated  persons  in  other 
branches  of  Science,  I  also  may  hope  to  succeed  in  this 
department,  though  it  is  in  many  respects  especially  beset 
with  difficulties. 

The  History  of  the  Evolution  of  Man,  as  it  has  been 
usually  treated  in  lectures  for  medical  students  at  the 
uuiversities,  has  only  concerned  itself  with  Embryology,* 
so-called,  or  more  correctly  with  Ontogeny,*  in  other  words, 
with  the  history  of  the  evolution  of  individual  human 
organisms.  This,  however,  is  only  the  first  part  of  the  task 
before  us,  only  the  first  half  of  the  History  of  the  Evolution 
of  Man  in  the  wider  sense  which  will  here  be  attributed 
to  the  term.  The  second  part,  equal  in  importance  and 
interest,  is  Phylogeny,*  which  is  the  history  of  the  evolution 
of  the  descent  of  man,  that  is,  of  the  evolution  of  the 
various  animal  forms  thi'ough  which,  in  the  course  of  count- 
less ages,  mankind  has  gradually  passed  into  its  present 
form.  All  my  readers  know  of  the  very  important  scientific 
movement  which  Charles  Darwin  caused  tifteen  years  ago, 
by  his  book  on  the  Origin  of  Species.  The  most  important 
direct  consequence  of  this  work,  which  marks  a  fresh  epocli, 
has  been  to  cause  new  inquiries  to  be  made  into  the 
origin  of  the  human  race,  which  have  proved  the  natund 
evolution  of  man  through  lower  animal  forms.  The  Science 
which  treats  of  the  development  of  the  human  race  from 
Uie  animal   kingdom   is  called  Phylogcny,  or  the   tribal 
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history  of  man.  The  most  important  source  from  which 
the  science  derives  its  material,  is  Ontogeny,  or  the  history 
of  germs,  in  other  words,  of  the  evolution  of  the  individual. 
Palaeontology,  or  the  science  of  petrifactions,  and,  in  a  yet 
greater  degree,  Comparative  Anatomy,  also  afford  most  im- 
portant aid  to  Phylogeny. 

These  two  divisions  of  our  science,  Ontogeny,  or  the 
history  of  the  germ,  Phylogeny,  or  the  history  of  the 
tribe,  are  most  intimately  connected,  and  the  one  cannot 
be  understood  without  the  other.  The  close  intertwining 
of  both  branches,  the  increased  proportions  which  germ- 
history  and  tribal  history  lend  to  each  other,  alone  raise 
Biogeny  ®  (or  the  history  of  organic  evolution,  in  the  widest 
sense)  to  the  rank  of  a  philosophic  natural  science.  The 
connection  between  the  two  is  not  external  and  superficial, 
but  deeply  internal  and  causal  Our  knowledge  of  this 
connection  has  been  but  very  recently  obtained ;  it  is  most 
clearly  and  accurately  expressed  in  the  comprehensive  state- 
ment which  I  call  **the  fitndaTnental  law  of  organic 
evolution'*  or  more  briefly,  "  the  first  principle  of  Biogeny  "  ' 

This  fundamental  law,  to  which  we  shall  recur  again 
and  again,  and  on  the  recognition  of  which  depends  the 
thorough  undei-standing  of  the  history  of  evolution,  is  briefly 
expressed  in  the  proposition :  that  the  History  of  the  Germ 
13  an  epitome  of  the  History  of  the  Descent ;  or,  in  other 
sviyrds  :  that  Ontogeny  is  a  recapitulation  of  Phylogeny ;  or, 
somewhat  more  explicitly :  that  the  series  of  forms  through 
which  the  Individual  Organism  passes  during  its  progress  from 
the  egg  cell  to  its  fully  developed  state,  is  a  brief,  compressed 
reproduction  of  the  long  series  of  forms  through  which  the 
animal  ancestors  of  that  organism  (or  the  ancestral  forms 
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oi  its  species)  have  passed  from  the  earliest  periods  of  so* 
called  organic  creation  down  to  the  present  time. 

The  causal  nature  of  the  relation  which  connects  the 
History  of  the  Germ  (Embrj^ology,  or  Ontogeny)  with  that 
of  the  tribe  (Phylogeny)  is  dependent  on  the  phenomena 
of  Heredity  and  Adaptation.  When  these  are  properly 
understood,  and  their  fundamental  importance  in  deter- 
mining the  forms  of  organisms  recognized,  we  may  go 
a  step  further,  and  say:  Ehylogenesis  is  the  meclianical 
cause  of  Ontogenesis.  The  Evolution  of  the  Tribe,  which 
is  dependent  on  the  laws  of  Heredity  and  Adaptation,  effects 
all  the  events  which  take  place  in  the  course  of  the  Evolution 
of  the  Germ  or  Embrj'o. 

The  chain  of  different  animal  forms  which,  according  to 
the  Theory  of  Descent,  constitutes  the  series  of  ancestors,  or 
chain  of  forefathers  of  every  higher  organism,  and  hence 
also  of  man,  always  forms  a  connected  whole.  This  un- 
broken succession  of  forms  may  be  represented  by  the  letters 
of  the  Alphabet  A,  B,  C,  D,  E,  etc.,  down  to  Z,  in  their 
alphabetical  order.  In  appai*ent  contradiction  to  this,  the 
history  of  the  individual  evolution,  or  the  Ontogeny  of  most 
organisms  show  us  only  a  fragment  of  this  scries  of  forms,  so 
that  the  interrupted  chain  of  embryonic  fonns  would  bo 
represented  by  something  like:  A,  B,  F,  H,  I,  K,  L,  etc  ;  or. 
in  other  cases,  thus:  B,  D,  H,  L,  M,  N,  etc.  Several  evolu- 
tionary forms  have,  therefore,  usually  dro[>|>e(l  out  of  the 
originally  unbroken  chain  of  forms.  In  many  cases  also 
(retaining  the  figure  of  the  rci)cat4.'d  alphabi-t)  one  or  more 
letters,  representing  ancestral  forms,  arc  replaced  in  the 
coiTcsponding  places  among  the  embryonic  forms  by  equi- 
valent letters  of  another  alphabet     Thus,  for  exaiupio,  in 
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place  of  the  Latin  B  or  D,  a  Greek  B  or  A  is  often  foiin(L 
Here,  therefore,  the  text  of  the  biogenetic  fii-st  principle  is 
vitiated,  while  in  the  former  case  it  was  epitomized  This 
gives  more  importance  to  the  fact  that,  notwithstanding 
this,  the  sequence  remains  the  same,  so  that  we  are  enabled 
to  recognize  its  original  order. 

Indeed,  there  is  always  a  complete  parallelism  between  the 
t  wo  series  of  evolution.  This  is,  however,  vitiated  by  the 
fact  that  in  most  cases  many  forms  which  formerly  existed 
and  actually  lived  in  the  phylogenetic  series  are  now  wanting, 
and  have  been  lost  from  the  ontogenetic  series  of  evolution. 
If  the  parallelism  between  the  two  series  were  perfect,  and 
if  this  great  fundamental  law  of  the  causal  connection  between 
Ontogeny  and  Phylogeny,  in  the  strict  sense  of  the  word, 
had  full  and  unconditional  sway,  we  should  only  have  to 
ascertain,  with  the  aid  of  microscope  and  scalpel,  the  series  of 
forms  through  which  the  fertilized  human  egg  passes  before 
it  attains  its  complete  development.  Such  an  examination 
would  at  once  give  us  a  complete  picture  of  the  remarkable 
series  of  forms  through  which  the  animal  ancestors  of  the 
human  race  have  passed,  from  the  beginning  of  organic 
creation  to  the  first  appearance  of  man.  But  this  repro* 
duction  of  the  Phylogeny  in  the  Ontogeny  is  complete  only 
m  rare  instances,  and  seldom  corresponds  to  the  entire  series 
of  the  letters  of  the  alphabet.  In  fact,  in  most  cases  the 
epitome  is  very  incomplete,  and  greatly  altered  and  per- 
verted by  causes  which  we  shall  investigate  hereafter.  Hence 
we  are  seldom  able  to  detennine  directly,  by  means  of  its 
Ontogeny,  the  different  forms  through  which  the  ancestry  of 
each  organism  has  passed ;  on  the  contrary,  we  commonly 
find^ — and  not  less  so  in  the  Phylogeny  of  man,—  a  number 
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of  ga})s.  We  are,  however,  able  to  bridge  over  the  greater 
part  of  these  gaps  satisfactorily  by  the  help  of  Compa- 
rative Anatomy,  though  not  to  fill  them  up  directly  by 
ontogenetic  research.  It  is  therefore  all  the  more  im« 
portant  that  we  are  acquainted  with  a  considerable  number 
of  lower  animal  forms  which  still  find  place  in  the  history  of 
the  individual  evolution  of  man.  In  such  cases,  from  the 
nature  of  the  transient  individual  form,  we  may  quite  safely 
infer  the  nature  of  the  ancestral  animal  form. 

For  example,  from  the  fact  that  the  human  egg  is  a 
simple  cell,  we  may  at  once  infer  that  there  has  been  at  a 
very  remote  time  a  unicellular  ancestor  of  the  human  race 
resembling  an  Amoeba.  Again,  from  the  fact  that  the 
human  embryo  originally  consists  merely  of  two  simple 
g6rm-layers,  we  may  at  once  safely  infer  that  a  very  ancient 
ancestral  form  is  represented  by  the  two-layered  Gastrsea.  A 
later  embryonic  form  of  the  human  being  points  with  equal 
certainty  to  a  primitive  worm-like  ancestral  form  which  is 
related  to  the  sea-squirts  or  Ascidians  of  the  present  day. 
Bat  the  low  animal  forms  which  constitute  the  ancestral 
line  between  the  unicellular  amoeba  and  the  gastnca,  and 
further  between  the  gastrsea  and  the  ascidian  form,  can  only 
be  approximately  conjectured  with  the  aid  of  Comparative 
Anatomy  and  Ontogeny.  On  account  of  a  shortened  pixKesa 
of  Heredity,  various  ontogenetic  intermediate  foims,  which 
must  have  existed  phylogcnetically,  or  in  the  ancestral 
lineage,  have  in  the  course  of  historic  evolution  gradually 
dropped  out  from  these  gaps.  But  notwithstanding  thoM 
numerous  and  s*)metime8  very  considerable  gaps,  there  is,  on 
the  wliole,  complete  agreement  between  the  two  series' of 
evolution.     Indeed,  it  will  be  one  of  my  principal  objects  to 
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prove  the  deep  harmony,  and  original  parallelism,  be- 
tween the  two  series.  By  adducing  numerous  facts,  I  hope 
to  convince  my  readers  that  from  the  actually  existing 
series  of  embryonic  forms  which  can  be  shown  at  any  time, 
we  are  able  to  draw  the  most  important  conclusions  as  to 
tlie  genealogical  tree  of  the  human  species.  We  shall  thus 
be  able  to  form  a  general  picture  of  the  series  of  animal 
forms  which  succeeded  each  other  as  the  direct  ancestors  of 
man,  in  the  long  course  of  the  history  of  the  organic  world. 

In  this  phylogenetic  significance  of  ontogenetic  phe- 
nomena, it  is  of  course  most  important  to  distinguish  clearly 
and  exactly  between  the  original,  palingenetic  processes  of 
evolution,  and  the  later  kenogenetic  processes  of  the  same. 
The  term  Palingenetic  process^  (or  reproduction  of  the  history 
of  the  germ)  is  applied  to  all  such  phenomena  in  the  history 
of  evolution  as  are  exactly  reproduced,  in  consequence  of 
conservative  heredity,  in  each  succeeding  generation,  and 
which,  therefore,  enables  us  directly  to  infer  the  corre- 
sponding processes  in  the  tribal  history  of  the  developed 
ancestors.  The  term  Kenogenetic  process^  (or  vitiation  of 
the  history  of  the  germ)  is  applied  to  all  such  processes  in 
the  germ-history  as  are  not  to  be  explained  by  heredity 
from  primaeval  parent-forms,  but  which  have  been  acquired 
at  a  later  time  in  consequence  of  the  adaptation  of  the 
germ,  or  embryo  form,  to  special  conditions  of  evoluti^^n. 
These  kenogenetic  processes  are  recent  additions,  which  do 
no^  allow  of  direct  inference  as  to  the  corresponding  pro- 
cesses in  the  tribal  history  of  the  ancestral  line,  but  which 
luther  falsify  and  conceal  the  latter. 

-This  critical  distinction  between  the  primary  palinge- 
oetic,  and  the  secondary  kenogenetic  processes  is  of  coui*so 
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of  the  greatest  importance  to  scientific  Phylogeny,  which, 
from  the  available  empiric  material  supplied  by  Ontogeny, 
by  Comparative  Anatomy,  and  by  Palaeontology,  seeks  to 
inter  the  long  extinct  historical  processes  of  tribal  evolution. 
It  is  of  the  same  importance  to  the  student  of  evolution 
as  is  the  critical  distinction  between  corrupt  and  genuine 
passages  in  the  text  of  an  old  writer  to  the  philologist ;  the 
separation  of  the  original  text  from  interpolations  and  corrupt 
readings.  This  distinction  between  Palingeuesis  or  inherited 
evolution,  and  Kenogenesis  or  vitiated  evolution,  has  not, 
however,  yet  been  sufEciently  appreciated  by  naturalista 
But  I  believe  that  it  is  the  first  condition  requisite,  if  the 
history  of  evolution  is  to  be  really  understood,  and  I  think 
that  two  separate  main  divisions,  based  on  this  distinction, 
must  be  made  in  germ-history;  Palingenesis  or  inlierited 
history,  and  Kenogenesis  or  vitiated  history. 

Let  us  illustrate  this  highly  important  distinction  by  a 
few  examples  taken  from  the  evolution  of  man.  In  Man,  as  in 
all  other  higher  Vertebrates,  the  following  incidents  of  germ- 
history  must  be  regarded  as  palingenetic  processes:  tlie 
formation  of  the  two  primary  germ -layers,  the  appearance 
of  a  simple  notochord  (Cliorda)  between  the  spinal  tube  and 
the  intestinal  tube,  the  transitory  foimation  of  giil-archef 
and  gill-openings,  of  primitive  kidneys,  of  the  primitive  brain 
bladder,  the  hermaphrodite  rudiment  of  the  sexual  organs, 
etc  All  these,  and  many  other  important  phenoniena  have 
evidently  been  accurately  handed  down,  by  constant  heredity, 
from  the  primaeval  ancestors  of  Maniinals,  and  must,  there- 
fore, be  referred  directly  to  corresjionding  palaontological 
evolutionary  incidents  in  the  history  of  the  tribe.  On  tl.o 
other  hand,  this  is  not  the  case  with  the  following  germijiol 
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incidents,  which  must  be  explained  as  kenogenetic  pro- 
cesses ;  the  formation  of  the  yelk-sac,  of  the  allantois  and 
placenta,  of  the  amnion  and  chorion,  and,  generally,  of  the 
different  egg-membranes  and  the  corresponding  systems  of 
blood-vessels;  also  the  transitory  separation  of  the  primitive 
vertebrate  plates  and  the  side-plates,  the  secondary  closing 
of  the  stomach  wall  and  the  intestinal  wall,  the  formation 
of  the  navel,  etc.  All  these,  and  many  other  phenomena 
are  evidently  not  referable  to  corresponding  conditions  of 
an  earlier,  independent,  and  fully  developed  parent  form, 
but  must  be  explained  as  solely  due  to  adaptation  to  the 
peculiar  conditions  of  egg-life  or  embryo-life  (within  the 
egg-membranes).  With  reference  to  this  fact  we  may  now 
define  our  "first  principle  of  Biogeny"  more  exactly  as 
follows :  "  The  evolution  of  the  germ  (Ontogeny)  is  a  com- 
pressed and  shortened  reproduction  of  the  evolution  of  the 
tribe  (Phylogeny) ;  and,  moreover,  this  reproduction  is  more 
complete,  in  proportion  as,  in  consequence  of  constant 
heredity,  the  original  inherited  evolution  (Palingenesis)  is 
more  closely  retained ;  on  the  other  hand,  the  repetition 
is  more  incomplete,  in  proportion  as  the  later  vitiated 
evolution  (Kenogenesis)  is  introduced  by  changing  adapta- 
tioa"  ^^ 

The  kenogenetic  vitiations  of  the  original,  palingenetic 
incidents  of  evolution  depend  in  great  measure  on  a  gradually 
occurring  displacement  of  the  phenomena,  which  is  effected 
in  the  course  of  many  thousands  of  years  by  adaption  to  the 
changed  conditions  of  embryonic  existence.  This  displace- 
ment may  effect  either  the  place  or  the  time  of  the 
phenomena.  If  the  former,  it  is  called  Heterotopy ;  if  the 
latter.  Heterochrony. 
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*'  Displacement  in  position,  "  or  "  Heterotopy,"  especially 
aflects  the  cells  or  elementary  parts  which  compose  the 
organs;  but  it  also  affects  the  organs  themselves.  For 
example,  the  sexual  organs  of  the  human  embryo,  as  well  as 
those  of  many  higher  animals,  appear  to  originate  from 
the  middle  germ-layer.  But  the  comparative  Ontogeny  of 
the  lower  animals  shows,  on  the  other  hand,  that  these 
organs  did  not  originally  arise  from  thb  layer,  but  from  one 
of  the  primary  germ-layers;  the  male  sexual  organs  from 
the  outer  germ -layer,  the  female  from  the  inner.  Gradually, 
however,  the  germ-cells  have  altered  their  original  site,  and 
have  made  their  way,  at  an  early  period,  from  their  original 
position  into  the  middle  gcrm-laycr,  so  that  they  now 
appear  actually  to  originate  in  the  latter.  An  analogous 
heterotopism  affects  the  primitive  kidneys  in  the  higher 
Vertebrates.  Even  the  appearance  of  the  mesodenn  itself 
is  very  greatly  affected  by  a  displacement  in  position,  which 
is  connected  with  the  titmsition  of  embryo  cells  from  one 
germ-layer  into  another. 

The  kenogenetic  "displacements  in  time,"  or  "  Hetcro- 
chronisms,"  are  equally  significant  They  are  seen  in  the 
fact  that  in  the  germ-history  (Ontogeny)  the  sequence  in 
which  the  organs  appears  differs  from  that  which,  judging 
from  the  tribal  history  (Phylogeny),  would  l)e  expected.  By 
heterotopy  the  sequence  in  position  is  vitiated ;  similarly, 
by  heterochrony  the  sequence  in  time  is  vitiated.  This 
vitiation  may  effect  either  an  acceleration  or  a  retardation 
in  the  appeai*ance  of  the  organs.  We  must  regard  the 
following  incidents  in  the  germ-history  of  man  as  examples 
of  ontogenetic  acceleration :  the  early  api)earance  of  the 
hearty  the  gill-openings,  the  brain,  the  eyes,  tlio  chorda* 
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etc.  It-  is  evident  that  these  organs  appear  earlier  in 
relation  to  others  than  was  originally  the  case  in  the 
history  of  the  tribe.  The  reverse  is  true  of  the  retarded 
completion  of  the  intestinal  canal,  the  body-cavity,  and  the 
sexual  organs.  It  is  evident  that  in  these  cases  there  is  an 
ontogenetic  postponement  or  retardation. 

It  is  only  by  critically  appreciating  these  kenogenetic 
incidents  in  relation  to  the  palingenetic,  and  by  constantly 
allowing  for  the  changes  in  inherited  evolution  effected 
by  vitiated  evolution,  that  it  is  possible  to  recognize  the 
fundamental  significance  of  the  first  principle  of  Biogeny, 
which  in  this  way  attains  its  true  value  as  the  most  im- 
portant explanatory  principle  of  the  history  of  evolution. 
When  it  is  thus  critically  appreciated,  this  first  principle 
also  proves  to  be  the  "  red  thread  "  on  which  we  can  string 
every  one  of  the  phenomena  in  this  wonderful  domain ; 
this  is  the  thread  of  Ariadne,  with  the  aid  of  which  alone 
we  are  able  to  find  an  intelligible  course  through  this  com- 
plicated labyrinth  of  forms.  Even  at  an  earlier  period,  when 
the  history  of  the  evolution  of  the  human  and  the  animpj 
individual  first  became  somewhat  more  accurately  known — 
which  is  hardly  half  a  century  ago ! — people  were  greatly 
surprised  at  the  wonderful  similarity  existing  in  the  onto- 
genetic forms,  or  the  stages  of  the  individual  evolution,  of 
very  different  animals.  They  noticed  also  the  remarkable 
resemblance  between  these  and  certain  developed  animal 
forms  of  allied  lower  gi'oupa  Even  the  older  natural  philo- 
sophers recognized  the  fact  that  in  a  certain  way  these 
lower  animals  permanently  represent  in  the  system  of  the 
animal  kingdom  forms  which  appear  transiently  in  the 
evolution  of  individuals  of  higher  groups.     But  formerly 
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it  was  impossible  to  understand  and  interpret  aright  this 
remarkable  resemblance.  Darwin  s  greatest  merit  is  that 
ho  has  now  enabled  us  to  understand  this  circumstance. 
This  gifted  naturalist  was  the  first  to  place  the  phono* 
mena  of  Heredity  on  the  one  hand,  and  of  Adaptation  on 
the  other,  in  their  true  light,  and  to  show  the  fundamental 
significance  of  their  constant  intei*action  in  the  production 
of  organic  foimis.  He  was  the  first  to  point  out  the  im- 
portant part  played  by  the  continual  Struggle  for  Existence 
in  which  all  organisms  take  part,  and  how  under  its  in- 
fluence, through  Natural  Selection,  new  species  of  organisms 
have  arisen,  and  still  arise,  entirely  by  the  interaction  of 
Heredity  and  Adaptation.  Darwin  thus  enabled  us  properly 
to  understand  the  immensely  important  relation  existing 
between  the  two  divisions  of  the  History  of  Evolution: 
Ontogeny,  and  Phylogeny. 

If  the  phenomena  of  Heredity  and  Adaptation  are  left  "n* 
unnoticed,  if  these  two  formative  physiological  functions  of 
the  organism  are  not  taken  into  account,  then  it  is  entirely 
impossible  thoroughly  to  understand  the  History  of  Evolution; 
so  that  before  the  time  of  Darwin  we  had  no  clear  idea  of 
the  real  nature  and  causes  of  the  development  of  germs. 
It  was  utterly  impossible  to  explain  the  strange  series  of 
formi)  through  which  a  human  being  passes  in  its  embryonic 
evolution ;  it  was  impossible  to  comprehend  the  reason  of 
the  curious  series  of  various  animal-like  forms  which  appear 
in  the  Ontogeny  of  man*  Previously  it  was  even  generally 
believed  that  the  whole  human  being,  with  all  its  parts 
foreshadowed,  existed  even  in  the  o^g,  and  that  his  evolution 
was  only  an  unfolding  of  the  form,  a  simple  process  of 
growth.     But  this  is  not  at  all  the  case.    On  the  contrary, 


1 6  THE  EVOLUTION  OP  MAN. 

the  entire  process  of  the  evolution  of  the  individual  presenbi 
to  the  eye  a  connected  series  of  diverse  animal  forms ;  and 
these  various  animal  forms  exhibit  very  diverse  conditions 
of  external  and  internal  structure.  The  reason  why  every 
human  individual  must  pass  through  this  series  of  forms  in 
the  course  of  his  embryonic  evolution,  was  first  explained 
to  us  by  the  Theory  of  Descent  of  Lamarck  and  Darwin. 
From  this  theory  we  first  learn  the  efficient  causes  (caiLOce 
effwientcs)  of  individual  evolution ;  by  the  aid  of  this  theory 
we  first  perceive  that  such  mechanical  causes  alone  suffice 
to  effect  the  evolution  of  the  individual  organism,  and 
that  the  co-operation  of  designing,  or  teleological  causes 
(causcB  finales),  which  were  formerly  universally  assumed, 
is  unnecessary.  Of  course,  these  final  causes  still  play  an 
important  part  in  the  prevailing  school-philosophy ;  but  in 
our  new  natural  philosophy  we  are  enabled  to  replace  them 
entirely  by  the  efficient  causes. 

I  allude  to  this  matter  at  this  early  stage,  in  order  to 
call  attention  to  one  of  the  most  important  advances  made  in 
any  branch  of  human  knowledge  during  the  past  ten  years. 
The  history  of  philosophy  shows  that  in  the  cosmology  of 
our  day,  as  in  that  of  antiquity,  final  causes  are  almost 
universally  deemed  to  be  the  real  ultimate  causes  of  the 
phenomena  of  organic  life,  and  especially  those  of  the  life 
of  man.  The  prevailing  Doctrine  of  Design,  or  Teleology, 
assumes  that  the  phenomena  of  organic  life,  and  in  particular 
those  of  evolution,  are  explicable  only  by  purposive  causes, 
and  that,  on  the  contrary,  they  in  no  way  admit  of  a 
mechanical  explanation,  that  is,  one  entirely  based  on 
natural  science.  The  most  difficult  problems  in  this  respect 
which  have  been  before  us,  and  which  seemed  capable  of 
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solution  only  by  means  of  Teleology,  are,  however,  precisely 
those  which  have  been  mechanically  solved  in  the  Theory 
of  Descent.  The  reconstruction  of  the  history  of  the  c volu- 
tion of  man,  which  this  theory  has  effected,  has  actually 
ren.ovcd  the  greatest  difficulties.  We  shall  see  in  tlio 
course  of  our  inquiries  how,  through  Darwin's  reform  of 
tho  Doctrine  of  Evolution,  the  most  wonderful  problems, 
hitherto  deemed  unapproachable,  of  the  organization  of 
man  and  animals  have  admitted  of  a  natural  solution,  of  a 
mechanical  explanation,  by  non-purposive  causes.  It  has 
enabled  us  to  substitute  everywhere  unconscious  causes 
acting  from  necessity,  for  conscious  purposive  causes.^^ 

If  the  recent  progress  in  the  Doctrine  of  Evolution  had 
accomplished  only  this,  every  thoughtful  person  must  have 
admitted  that  even  in  this  an  immense  advance  had  been 
made  in  knowledge.  In  consequence  of  it,  the  tendency 
called  unitary  or  monistic,  in  contradistinction  to  the  dual- 
istic,  or  binary,  which  has  heretofore  prevailed  in  speculative 
philosophy,  must  ultimately  prevail  throughout  philosophy.^* 
This  is  the  point  at  which  the  history  of  the  evolution  of 
man  at  once  penetrates  deeply  into  the  vei-y  foundations 
of  philosophy.  For  this  reason  alone  it  is  very  much  to  be 
desired,  in  fact  is  indispensable,  that  any  one  who  aspires  14 1 
philosopliic  culture  should  learn  the  most  important  facts  in 
this  field  of  i-csearch. 

The  significance  of  the  facts  of  Ontogeny  is  so  ^rreat  ami 
so  evident  that  the  dualistic  teleological  philosophy,  finding 
them  extremely  inconvenient,  has  of  late  endeavoured  to 
meet  them  by  simple  denial  Such,  for  instance,  has  boon 
the  ca.sc  with  the  fact  that  cverj'  human  being  develops 
fix>m  an  egg,  and  that  this  egg  is  a  simple  cell,  like  the  egg- 
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cell  of  all  other  animals.  When  in  my  "History  of  Creation" 
I  had  discussed  this  fundamental  fact,  and  had  directed 
attention  to  its  immense  significance,  several  theological 
(periodicals  pronounced  it  a  malicious  invention  of  my  oa^u. 
The  evident  fact  that  at  a  certain  stage  of  their  evolution 
the  embryos  of  Man  and  of  the  Dog  are  entirely  in- 
distinguishable from  one  another  was  also  denied. 

The  fact  is  that  an  examination  of  the  human  embryo  in 
the  third  or  fourth  week  of  its  evolution  shows  it  to  be 
altogether  difierent  from  the  fully  developed  Man,  and  that 
it  exactly  corresponds  to  the  undeveloped  embryo-form 
presented  by  the  Ape,  the  Dog,  the  Rabbit,  and  other 
Mammals,  at  the  same  stage  of  their  Ontogeny.  At  this 
stage  it  is  a  bean-shaped  body  of  very  simple  structure, 
with  a  tail  behind,  and  two  pairs  of  paddles,  resembling  the 
fins  of  a  fish,  and  totally  dissimilar  to  the  limbs  of  man  and 
other  mammals,  at  the  sides.  Nearly  the  whole  of  the  front 
half  of  the  body  consists  of  a  shapeless  head  without  a  face, 
on  the  sides  of  which  are  seen  gill-fissures  and  gill-arches 
as  in  Fishes.  (Cf.  Plate  VII.  at  the  end  of  Chapter  XI.) 
In  this  stage  of  evolution  the  human  embryo  differs  in  no 
essential  way  from  the  embryo  of  an  Ape,  Dog,  Horse,  Ox, 
etc.,  at  a  corresponding  age.  Even  such  facts  as  these^ 
which  can  be  easily  and  promptly  demonstrated  at  any  time 
by  placing  side  by  side  the  corresponding  embryos  of  Man, 
a  Dog,  a  Horse,  etc.,  have  been  spoken  of  by  theologians 
and  teleological  philosophers  as  inventions  of  materialism  ; 
and  even  naturalists,  who  were  presumably  acquainted  with 
them,  have  tried  to  deny  them.  No  stronger  proof,  surely, 
of  the  immense  radical  importance  of  these  embryological 
facts  in  favour  of  the  monistic  philosophy  can  be  given  than 
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these  eflforts  on  the  part  of  the  dualistic  school  to  meet  them 
by  simple  denial  or  utter  silence.  They  are  iodced 
extremely  distasteful  to  that  school,  and  are  totally 
irreconcilable  with  their  teleological  cosmology.  We  must 
therefore  take  especial  care  to  place  them  in  their  true  light 
We  are  entirely  of  the  opinion  of  Huxley,  who,  in  his  able 
"  Evidence  as  to  Man's  Place  in  Nature,"  says  that  these 
facts,  "  though  ignored  by  many  of  the  professed  instructors 
of  the  public  mind,  are  easy  of  demonstration,  and  are 
universally  agreed  to  by  men  of  science;  while  their 
significance  is  so  great,  that  whoso  has  deeply  pondered 
over  them  will,  I  think,  find  little  to  startle  him  in  the 
other  revelations  of  Biology." 

Although  our  chief  inquiry  is  primarily  directed  to  the 
history  of  the  evolution  of  the  bodily  form  of  Man  and  of 
his  organs,  and  to  their  external  and  internal  structural 
relations,  I  must  here  at  once  observe  that  the  history  of 
the  evolution  of  the  functions  is  inseparably  connected  with 
this.  Everywhere  in  Anthi-opology,  just  as  in  Zoology,  of 
which  the  former  is  but  a  part,  and  throughout  the  whole 
field  of  Biology,  these  two  branches  of  research  are  thus 
inseparably  connected.  The  peculiar  form  of  the  organism 
and  its  organs,  both  internal  and  external,  is  always  closely 
related  to  the  peculiar  manifestations  of  life,  of  the  organism 
and  its  organs,  or,  in  other  words,  to  the  physiological  func- 
tions performed  by  these.  This  intimate  relation  between 
form  and  function  is  also  shown  in  the  evolution  of  the  organ- 
ism and  its  various  parta  The  history  of  the  evolution  of 
forms,  which  primarily  occupies  us,  is  at  the  same  time  the 
history  of  the  evolution  of  functions ;  and  this  is  equally 
true  of  the  human  and  of  all  other  organLsnis. 
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But  I  must  hero  add  at  once,  that  our  knowledge  of  th< 
evolution  of  functions  is  as  yet  far  from  being  so  advanced 
as  our  knowledge  of  the  evolution  of  forms.  Indeed,  properly 
speaking,  the  entire  history  of  evolution,  or  Biogeny,  includ- 
ing both  Ontogeny  and  Phylogeny,  has  as  yet  been  almost 
exclusively  a  history  of  the  evolution  of  forms,  while  the 
Biogeny  of  functions  hardly  exists  even  in  name.  The  fault 
lies  solely  with  Physiology,  which  has  as  yet  scarcely  given 
a  thought  to  the  history  of  evolution,  which  it  has  lefb 
entirely  to  the  care  of  Morphology. 

The  two  chief  divisions  of  biological  research — Mor- 
phology and  Physiology — have  long  travelled  apart,  taking 
different  paths.  This  is  perfectly  natural,  for  the  aims,  as 
well  as  the  methods,  of  the  two  divisions  are  different. 
Morphology,  the  science  of  forms,  aims  at  a  scientific  under- 
standing of  organic  structures,  of  their  internal  and  external 
proportions  of  form.  Physiology,  the  science  of  functions, 
on  the  other  hand,  aims  at  a  knowledge  of  the  functions 
of  organs,  or,  in  other  words,  of  the  manifestations  of  life.^ 
Physiology,  however,  has,  especially  during  the  last  twenty 
years,  been  far  more  one-sided  in  its  progress  than  Mor- 
phology. Not  only  has  it  entirely  neglected  to  apply  the 
comparative  method,  by  which  Morphology  has  gained  its 
greatest  results,  but  it  has  altogether  disregarded  the  History 
of  Evolution.  Hence  it  has  come  to  pass  that,  within  the 
past  few  decades.  Morphology  has  advanced  far  beyond 
Physiology,  although  the  latter  is  pleased  to  look  haughtily 
down  upon  the  former.  It  is  Morphology  which  has  gained 
the  greatest  results  in  the  fields  of  Comparative  Anatomy 
and  Biogeny,  and  almost  everything  stated  in  these  pages 
as  to  the  History  of  the  Evolution  of  Man,  is  due  to  the 
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exertions  of  morphologists,  and  not  of  physiologists.  Indeed 
the  direction  at  present  taken  by  Physiology  is  so  one- 
sided that  it  has  even  neglected  the  recognition  of  the  most 
important  functions  of  Evolution,  namely,  Heredity  and 
Adaptation,  and  has  left  this  entirely  physiological  task  to 
morphologists.  We  owe  to  morphologists,  and  not  to  physi* 
ologists,  nearly  all  that  we  yet  know  of  Heredity  and 
Adaptation.  The  latter  still  works  as  little  at  the  functions 
of  evolution  as  at  the  evolution  of  the  functions 

It  wiU,  therefore,  be  the  task  of  a  future  Fhysiogeny  to 
grasp  the  history  of  the  evolution  of  the  functions  with  the 
same  earnestness,  and  with  the  same  success,  with  which 
Morphogeny  has  long  ago  undertaken  the  study  of  the  history 
of  the  evolution  of  forms.  A  few  instances  will  show  how 
closely  the  two  are  connected.  The  heart  of  the  human 
embryo  has  at  first  a  very  simple  structure,  such  as  appears 
permanently  only  in  Asc'dians  and  other  inferior  Worms, 
and  connected  with  it  is  a  circulation  of  the  blood  of 
the  most  simple  kind.  When,  on  the  other  hand,  we  see 
that  with  the  fully  developed  form  of  the  human  heart  there 
is  connected  a  function  of  the  circulation  of  the  blood  totally 
diflerent  from  the  former  one,  and  far  more  complicated,  the 
study  of  the  evolution  of  the  heart  necessarily  enlarges 
from  a  task  which  was  originally  morphological  to  one 
which  is  physiological  also.  It  is  the  same  in  the  case  of 
all  other  organs  and  their  activities. 

Thus,  for  instance,  a  careful  comparative  study  of  the 
history  of  the  evolution  of  the  form  of  the  intestinal  canal, 
the  lungs,  and  the  organs  of  generation,  affords  us  also  most 
important  information  as  to  the  evolution  of  the  respective 
functions  of  these  onrami. 
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This  important  relation  is  most  clearly  seen  in  th« 
history  of  the  evolution  of  the  nervous  system.  In  the 
economy  of  the  human  body,  this  system  performs  the  func- 
tions of  sensation,  of  voluntary  movement,  volition,  and 
finally  the  highest  psychical  functions,  namely,  those  of 
thought ;  in  a  word,  every  one  of  the  various  activities  which 
constitute  the  special  subject  of  Psychology,  or  the  science 
of  the  mind.  Modem  Anatomy  and  Physiologj'  have  demon- 
strated that  these  functions  of  the  mind,  or  psychic  activities, 
are  immediately  dependent  upon  the  more  delicate  structure 
of  the  central  nervous  system,  upon  the  internal  conditions 
of  the  form  of  the  brain  and  the  spinal  marrow.  Here 
are  placed  the  extremely  complex  mechanism  of  cells,  whose 
physiological  function  constitutes  the  mind-life  of  Man. 
It  is  so  complex  that  to  most  people  its  function  appeara 
to  be  something  supernatural,  and  incapable  of  mechanical 
explanation.  But  the  history  of  tlie  evolution  of  the  in- 
dividual furnishes  us  with  the  most  surprising  and  signi- 
ficant information  as  to  the  gradual  origin  and  progressive 
formation  of  this  most  important  system  of  organs.  For  the 
fii-st  rudiment  of  the  central  nervous  system  in  the  human 
embryo  makes  its  appearance  in  the  same  most  simple  form 
in  which  Ascidians  and  other  inferior  Worms  retain  it 
tliroughout  life.  A  perfectly  simple  spinal  manow,  without 
lirain,  such  as  throughout  its  existence  represents  the  organ 
of  the  mind  of  the  Amphioxus,  the  lowest  of  Vertebrates, 
lust  develops  from  this  rudiment  It  is  only  at  a  later 
|>criod  that  a  brain  develops  from  the  anterior  extremity 
of  this  spinal  cord,  and  this  brain  is  of  the  simplest  foiin, 
oimilar  to  the  permanent  form  of  this  organ  in  the  lower 
Fishes.  Step  by  step  this  simple  brain  develops  still 
further,   passing  tlirotigh  forms  corresponding  to   those  of 
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tiie  Amphibia,  Beaked  Animals  (Omithostoma),  Pouched 
Animals,  or  Marsupials,  and  Semi-apes  (Prosimice),  until  the 
highly  organized  form  is  reached  wliich  distinguishes  the 
A))es  from  all  other  Vertebrates,  and  wliich  finally  attains 
its  highest  development  in  the  human  brain.  But  step  by 
•tep  with  this  progressive  evolution  of  the  form  of  the 
brain,  the  evolution  of  its  peculiar  function,  the  psychical 
activities,  moves  on  hand  in  hand,  and  it  is  therefore  the 
history  of  the  evolution  of  the  central  nervous  system  which 
for  the  first  time  enables  us  to  understand  the  origin  of  life 
of  the  human  mind  from  natural  causes,  and  the  gradual 
historic  development  of  the  psychic  activities  of  man.  It  i<* 
impossible  without  the  aid  of  Ontogeny  to  perceive  how 
these  highest  and  most  brilliant  functions  of  the  animal 
organism  have  been  historically  developed.  In  a  word,  the 
history  of  the  evolution  of  the  spinal  marrow  and  the  brain 
of  the  human  embryo  at  the  same  time  directly  leads  us 
to  undei-stand  the  Phylogeny  of  the  human  mind,  that  most 
sublime  activity  of  life  which  in  the  developed  human  being 
we  are  accustomed  to  regard  as  something  wonderful  and 
supematuraL 

There  is  no  doubt  that  this  special  result  of  the  study 
of  the  history  of  evolution  is  among  the  greatest  and  most 
important.  Happily,  our  knowledge  of  the  Ontogeny  of  the 
central  nervous  system  of  Man  is  so  satisfactory,  and  agrees 
§o  perfectly  with  the  supplementary  results  of  Comparativn 
Anatomy  and  Physiologj',  that  it  afionls  us  a  perfectly 
clear  insight  into  one  of  the  highest  problems  of  philasophy, 
namel}%  the  Phylogeny  of  the  j^sf/rhe,  the  mind,  or  tlio 
histoiy  of  the  ancestral  lineage  of  Man's  psychic  activities, 
and  leads  us  into  the  only  path  by  which  we  sliall  ever  be 
ablii  to  solve  this  the  higliest  of  all  problenuL 
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List  of  ibe  principal  branchos  of  Bioorny,  or  the  Htstort  of  Organic 
EvoLimoN,  with  reference  to  the  four  chief  stages  of  Organic  In- 
diTidoality — Cell,  Organ,  Person,  and  liace.** 
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nnt  branch  of  Blogeny, 
or  of  the  history  of  the 
eToluUon  of  organisms: 
Okbu-Ui8TOBT.  or  On- 
togeny (history  of  the 
development  of  the 
embryo  of  the  in- 
dividual organism). 


I.  Oerm-hi$tory  of 

Forms. 

(^Mmphogenjf.) 


2.  Ocrm-hU4ory  of 
Functions. 
{J*kysiogeny  ) 


^1.  Oeno-hiKtory  of  the  cells  (and  cjrtodt) 
and  of  tlie  tissues  composed  of  the  cells. 
Uutoffcnff. 

2.  Germ-history  of  the  organs,  and  d  the 
systems  and  apparatus  compoeed  of  the 
organs.     Organogeny. 

3.  Oerm-hlstory  of  the  persons  (called 
**the  history  of  the  evolution  of  bodily 
form ").    liUutogeny. 

4.  Germ-his'ory  of  races  (or  of  social 
aggregates  composed  of  persons:  fa* 
nlilie^  communities*  staUai,  etc    Cbr. 

^      mogeny. 


The  germ-history  of  the  function*,  or  the 
history  of  the  development  uf  vital 
aciiviiies  in  the  individual,  has  not  yet 
been  accurately  and  sdeuiifically  la- 
ves ti;:atcd. 
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Beoond  branch  of  Diogeny, 
or  of  the  history  of  the 
evolution  of  organisms: 
'I'niDAL  HiSTour,  or 
Phylog^ny  (history  of 
tlie  paUeonlological  evo- 
lution of  organic 
epcdei). 


3.  Trib-il  history 
of  Forms. 
iMorfkopkyly.) 


4.  Tribal  history 

of  Functions. 

(/'fcyiMftAjfty.) 


(\.  Tribal  history  of  the  cells  (hardly  at- 
tempted as  yet).    JJittophyly. 

2.  Tribal  hi.^tory  of  organs  (an  unrecog- 
nized main  object  of  comparative  ana- 
tomy).   Organophyly. 

■^  a  Tribal  history  of  persons  (an  nnrecog- 
ni2cd  main  ol\Ject  uf  tlic  natural  system 
of  classification).    Btattopkyly. 

4.  Tribal  history  of  racea  (or  of  social 
aggregates  compoMHl  of  persons:  fa* 
mi  lies,  commuuiiioa,  »tatea,  etc.  Cor- 
iitophyly. 


^The  tribal  history  of  the  fimctlons,  or  tr>o 
bistoiy  of  the  p.ila'ontulogical  d?vel«ip. 
ment  of  vital  activities,  has,  in  the  case 
ot  most  organisms,  not  yet  been  ex- 
amined,    lu  the  case  uf  man,  a 
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CHAPTER   II. 

THE  EARLIER  HISTORY  OF  ONTOGENY. 

Caspar  FRisDRicn  Wolff. 

TIm  ETolotion  of  AnimaU  as  known  to  Aristotle. — His  Knowledge  of  the 
Ontogenj  of  the  Lower  Animals. —  Stationary  Condition  of  the  Scion, 
iific  Stodjof  Nature  doring  the  Christian  Middle  Ages. —  First  Awaken* 
ing  of  Ontogeny  in  the  Beginning  of  the  Seventeenth  Centary.— Fa- 
bricins  ab  Aqaapendente. — Ilarvey. — Marccllo  Malpighi. — Importance 
of  the  Incobated  Chick. — The  Theories  of  Pre-formation  and  Encase, 
ment  (Erolntion  and  Pre -delineation). — Theories  of  Male  and  Female 
Encasement. — Either  the  Sperm-animal  or  the  Egg  as  the  Pre-formod 
Individual. — Animalculists  :  Leenwcnhock,  Hartsocker,  Spallanzani. — 
Ovulists  :  Haller,  Leibnits,  Bonnet. — Victory  of  the  Theory  of  Evoloticn 
owing  to  the  Authority  of  Haller  and  Lcibnitx. — Caspor  Fricdrich  Wolff. 
— Ilis  Fate  and  Works. — The  Thearia  Generationis, — lie. formation,  or 
Epigeoesis. — The  History  of  the  Evolution  of  the  Intestinal  Canal. — 
The  Foundations  of  the  Theory  of  Germ-laycrs  (Four  Layers,  or  I«cavoM). 
— The  Metamorphosis  of  Plants. — The  Germs  of  the  Cellular  Theory. 
—Wolff's  Monistic  Philosophy. 

"  He  who  wishes  to  explain  Generation  most  take  for  his  tlieoM  the 
crgauio  body  and  its  constituent  parts,  and  philosophite  about  them  ;  ho 
Otust  show  how  these  parts  originated,  and  how  they  came  to  lie  in  that  rclf»- 
Cion  in  which  they  stsnd  to  each  other.  But  he  who  Icnrns  to  know  a  thing 
Dot  only  dii-ectly  from  its  phenomena,  but  also  its  rca>oii8  and  causes  ;  and 
who,  therefore,  not  by  the  phenomena  mcivly,  but  by  thcbe  also,  is  compelled 
to  say  :  *The  thing  most  be  so,  and  it  caimot  be  otherwise ;  it  is  nccetssarily 
til  such  a  character ;  it  must  have  such  qualities;  aud  it  is  im|M«aible  for 
it  to  possess  others' — understands  Uie  thing  not  only  hisu>ri«aiUy  bat 
truly  philosophically,  and  he  has  a  philosophic  knowledge  of  iii    Oar  ovm 
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Theory  of  Gonemtion  is  to  bo  such  a  phflosophio  comprehension  of  an  organic 
body,  very  different  from  one  merely  historical." — Caspar  FaiKDaicu  Wolff 
(1764). 

In  approaching  each  science  it  is,  in  several  respects,  pro- 
fitable to  glance  at  the  course  of  its  evolution  The-  well- 
known  principle  that  "  whatever  has  come  into  being  can 
only  be  known  from  the  process  by  which  it  came  into 
being"  is  applicable  to  scienca  By  tracing  its  gradual 
development,  we  shall  most  clearly  perceive  its  tasks  and 
aims.  We  shall  also  find  that  the  present  condition  of  the 
History  of  the  Evolution  of  Man,  with  all  its  peculiar  cir- 
cumstances, can  only  be  properly  understood  by  taking  into 
consideration  the  history  of  the  evolution  of  the  science 
itself.  The  exammation  will  not  detain  us  long;  for  the 
History  of  the  Evolution  of  Man  is  one  of  the  very  youngest 
of  the  Natural  Sciences.  This  is  equally  true  of  its  two 
divisions :  the  History  of  the  Germ,  or  Ontogeny,  and  the 
History  of  the  Tribe,  or  Phylogeny. 

Passing  over  such  most  ancient  germs  of  the  science  as 
are  found  in  classical  antiquity,  and  which  we  shall  have 
to  discuss  presently,  the  true  History  of  the  Evolution  of 
Man,  as  a  science,  really  begins  in  the  year  1759,  when 
Caspar  Friedrich  Wolff,  one  of  the  most  eminent  of  German 
naturalists,  published  his  Theoria  Gencrationis.  This  was 
the  first  foundation-stone  for  a  true  history  of  animal 
germs.  In  1809,  exactly  fifty  years  later,  Jean  Lamarck 
published  the  Pldlosophie  Zoologique,  the  first  attempt  at  a 
History  of  Descent ;  and  in  1859,  another  half  century  later, 
appeared  Darwin's  work,  which  must  be  regarded  as  the 
first  to  give  a  scientific  basis  to  that  attempt  But,  before 
carefully   examining  this  as  the  real    foundation  of  the 
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History  of  the  Evolution  of  Man,  we  must  rapidly  glance  at 
the  great  jihilosopher  and  naturalist  of  antiquity,  who,  iu 
this  as  well  as  iu  all  other  branches  of  research  in  Natural 
Science,  stands  quite  alone  for  a  period  of  more  than  two 
thousand  years.  This  was  Aristotle,  "the  Father  of  Natuiul 
History." 

Among  the  extant  writings  of  Aristotle  on  Natural 
History,  treating  of  various  aspects  of  biological  research, 
and  the  most  important  of  which  is  the  History  of  Animals, 
there  occurs  also  a  smaller  work,  specially  confined  to  the 
History  of  Evolution.  It  is  entitled  Peri  Zoon  Geixcscos 
("  On  the  Generation  and  Development  of  Animals  *').^* 
This  work  is  of  great  interest,  If  merely  because  it  is  the 
most  ancient,  and  the  only  one  of  its  kind,  which  has 
reached  us  from  classical  antiquity  in  a  fairly  complete 
condition.  It  is  important  also  because,  like  others  of 
Aristotle's  writings  on  subjects  of  Natural  History,  it 
entirely  controlled  the  science  for  two  thousand  years.  The 
philosopher  was  a  careful  observer  and  an  ingenious 
thinker ;  yet,  while  his  importance  as  philosopher  has  never 
been  doubted,  his  merits  as  an  observant  naturalist  have 
only  lately  been  duly  appreciated.  Those  students  of 
Nature  who  have  lately  more  accurately  examined  his 
writings  on  Natural  History,  have  been  astonished  at  the 
mass  of  interesting  statements,  and  the  remaikable  observa- 
tions which  abound  in  them.  With  regard  to  the  History 
of  Evolution,  it  is  specially  noticeable  that  Aristotle  tiuced 
it  in  the  most  divei'se  classes  of  animals,  and  that  he  was 
acquainted,  especially  in  connection  with  the  lower  animals, 
with  several  of  the  most  remarkable  facts  which  we  have 
re-discovered  only  towards  the  middle  of  the  present 
ci»ntnrv. 
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It  is  certain,  for  example,  that  he  was  thoroughly 
acquainted  with  the  entirely  peculiar  method  of  propagation 
and  development  of  the  Cuttle-fishes,  or  Cephalapods,  the 
embryo  of  which  has  a  bag  of  yelk  protruding  from  tho 
mouth.  He  knew,  also,  that  embryos  of  Bees  can  bo 
developed  from  the  egg  even  when  it  has  not  been  fertilized. 
The  so-called  parthenogenesis,  or  virginal  generation,  of 
Bees  has  been  proved  in  our  days  only  lately  by  the 
meritorious  zoologist,  Siebold,  of  Munich,  who  also  showed 
that  male  Bees  develop  from  unimpregnated,  and  female 
bees  only  from  impregnated  eggs.^®  Aristotle  further 
relates  that  some  Fishes  (of  the  species  Serranus)  are 
hermaphrodites,  inasmuch*  as  each  individual  has  male 
and  female  organs,  and  impregnates  itself.  This  fact,  also, 
has  only  lately  been  established.  He  also  knew  that  the 
embryos  of  several  species  of  Sharks  are  connected  with 
the  mother's  womb  by  a  sort  of  placenta — an  organ  of 
nourishment,  full  of  blood,  which  otherwise  occui*s  only 
in  Man  and  the  higher  Mammals.  This  placenta  of  the 
Shark  was  for  a  long  time  considered  mythical,  until,  in 
1839,  Johannes  Miiller,  of  Berlin,  proved  it  to  be  a  fact 
We  might  quote  many  other  remarkable  observations  from 
Aristotle's  account  of  Evolution,  which  would  prove  the 
accuracy  of  this  great  naturalist's  acquaintance  with  onto- 
genetic investigations,  and  the  great  degree  in  which  he 
was  in  advance  of  subsequent  times  in  this  respect. 

In  most  of  his  observations  he  was  not  satisfied  with 
merely  stating  the  facts,  but  he  added  reflections  on  their 
significance.  Some  of  these  theoretical  thoucjhts  are  of 
special  interest,  because  they  indicate  a  right  fundamental 
perception  of  the  nature  of  the  processes  of  evolution.     He 
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conceives  the  evolution  of  the  individual  to  be  a  new 
formation,  in  which  the  several  parts  of  the  body  develop 
one  after  the  other.  According  to  him,  when  the  human 
or  animal  individual  develops,  either  within  the  mothors 
body  or  out  of  it  in  the  egg,  the  heart  is  formed  firet,  and 
is  the  beginning  and  the  centre  of  the  body.  After  the 
heart  has  been  formed,  the  other  organs  appear ;  of  these 
the  interior  precede  the  exterior,  and  the  upper,  or  those 
above  the  diaphragm,  precede  the  lower,  or  those  below  it. 
The  brain  is  formed  at  a  very  early  stage,  and  out  of  it 
grow  the  eyes.  This  assertion  is,  indeed,  quite  accurate.  On 
trying  to  obtain  from  these  statements  of  Aristotle  an  idea 
of  his  conception  of  the  processes  of  evolution,  we  find  that 
they  indicate  a  faint  presentiment  of  that  theory  of  evolution 
which  is  now  called  Epigenesis,  and  which  Wolff,  some  two 
thousand  years  later,  first  proved.  It  is  especially  remark- 
able that  Aristotle  altogether  denied  the  eternity  of  the 
individual.  He  admitted  that  the  kind  or  species,  formed 
from  individuals  of  the  same  kind,  might  possibly  be 
eternal ;  but  asserted  that  the  individual  itself  was  tran- 
sient, that  it  came  into  being  anew  in  the  act  of  genera- 
tion, and  perished  at  death. 

During  the  two  thousand  years  after  Aristotle  no 
essential  progress  in  Zoology  in  general,  or  in  the  History  «if 
Evolution  in  particular,  is  to  be  recorded.  People  were 
content  to  expound  Aj'ist<^)tle's  zoological  writings,  to  copy 
them,  to  deface  them  greatly  by  additions,  and  to  translate 
them  into  other  languages.  There  was  hardly  any 
independent  research  during  this  long  period.  During  tlio 
Middle  Ages  of  Christianity,  when  insurmountable  olistacles 
were    laid    in    the    way    of    independent    researches    in 
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natural  science  by  the  development  and  dilTusion  of 
influential  conceptions  of  faith,  a  re-commencement  of 
biological  researches  was  especially  out  of  the  question. 
Even  when,  in  the  sixteenth  century,  human  Anatomy 
again  began  to  be  studied,  and  independent  investigations 
of  the  structure  of  the  body  of  the  developed  human  being 
were  again  first  made,  anatomists  dared  not  extend  their 
investigations  into  the  condition  of  the  yet  undeveloped 
human  body,  into  the  formation  and  development  of  the 
embryo. 

The  prevailing  fear  of  such  researches  was  due  to 
several  causes.  This  seems  but  natural  when  we  remember 
that  by  the  bull  of  Pope  Boniface  VIII.  greater  excom- 
munication was  pronounced  against  all  who  dared  to  dis- 
member a  human  corpse.  While  anatomical  investiga- 
tion of  the  developed  human  body  was  a  crime  which 
drew  down  the  curse  of  the  Church,  it  is  evident  that  the 
examination  of  the  body  of  the  child,  hidden  in  the 
mother's  womb,  and  which  the  Creator  himself  seemed, 
by  its  concealed  position,  to  have  intentionally  withdrawn 
from  the  curious  gaze  of  naturalists,  would  have  appeared 
much  more  criminal  and  impious.  The  omnipotence  of 
the  Christian  Church,  which  at  that  time  caused  many 
thousands  to  be  executed  and  burned  for  heresy,  and  which 
even  then  with  correct  instinct  foresaw  danger  threatened 
to  itself  from  the  deadly  enemy  which  was  then  growing 
up  in  Natural  Science,  took  caie  that  the  latter  should 
not  make  too  rapid  strides. 

It  was  only  when  the  Reformation  broke  the  all- 
embracing  power  of  the  Only-Saving  Church,  and  a  new 
and  fresh   intellectual  impulse  began   to   release  enslaved 
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science  from  the  iron  chains  of  dogmatism,  that  human 
Anatomy  and  the  History  of  the  Evolution  of  Man  could 
move  again  more  freely,  with  the  re-opening  of  research  in 
other  natural  sciencea  But  Ontogeny  remainol  far  behind 
Anatomy,  and  it  was  only  in  the  beginning  of  the  seven- 
teenth century  that  the  first  ontogenetic  publications 
appeared.  The  first  to  begin  was  the  Italian  anatomist, 
Fabricius  ab  Aquapendente,  Professor  at  Padua,  who  pub- 
lished two  works — De  Farmato  Fcetu  (IGOO),  and  De 
Farmatione  Foetus  (1604), — which  contain  the  oldest 
figures  and  descriptions  of  the  embryo  of  Man  and  other 
Mammals,  and  also  of  the  Chick.  Similar  imperfect 
representations  were  given  soon  after  by  Spigelius — De 
Formato  Fcetn  (1G31) — by  the  Englishman,  Needham 
(1CG7),  and  his  celebrated  countryman,  Harvey  (1652).  The 
latter  discovered  the  circulation  of  the  blood  in  the  animal 
body,  and  made  the  important  assertion :  Omne  irivum  ex 
ovo  ("  Everything  living  comes  from  an  egg").  The  Dutch 
naturalist,  Swammerdam,  in  his  "  Bible  of  Nature/'  pub- 
lished the  results  of  the  first  investigations  into  the 
embryology  of  the  Frog,  and  the  so-called  segmentation  of 
its  yelk.  The  most  important  ontogenetic  researches  of  the 
seventeenth  century,  however,  were  those  of  the  Italian, 
Marcello  Malpighi  of  Bologna,  who  gave  a  fresh  im])etus 
b«)th  to  Zoology  and  to  Botany.  His  two  dissertations,  De 
Foi-matione  PuUi,  and  De  Ovo  Incxihalo  (1C87),  contain  the 
(ir^t  connected  description  of  the  history  of  the  development 
i»f  the  chick  in  tlie  incubated  egg. 

Here  1  must  make  some  remarks  on  the  great  importance 
of  the  Chick  in  relation  to  our  science.  The  history  of  the 
formation  of  a  Chick,  as  well  as  of  all  birds^  aoeuratoljr 
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corresponds  in  its  essential  characteristics  with  that  of  all 
other  higher   Vertebrates;    and,   therefore,    also    of   Man. 
The  three  higher  classes  of  Vertebrates,  Mammals,  Birds, 
and  Reptiles  (Lizards,  Snakes,  Tui*tles,  etc.),  are  from  tho 
beginning  of  their  individual  development  so  surprisingly 
similar  in  all  essential  features  of  their  bodily  stinicture, 
especially  in  the  earlier  stages,  that  for  a  long  while  it  is 
impossible  to  distinguish  them.     (Cf  Plates  VI.  and  VII.) 
It  has  long  been  known  that  the  accurate  study  of  the 
evolution  of  the  embryo  of  the  Bird,  which  is  most  readily 
obtained  as  the  subject  of  research,  is  all  that  is  necessary 
in  order  to  learn  the  essentially  similar  mode  of  evolution 
of  Mammals,  therefore  also  of  Man.     Even  as  early  as  the 
middle  and   the   end    of   the   seventeenth   century,   when 
human   embryos,  as  well  as  those  of  all  other  Mammals, 
began   to   be  examined   in   their  earlier   stages,  this  most 
important  fact  was  soon  recognized.     It  is  of  the  greatest 
importance,  both  for  theoretical  and  for  practical  purposes. 
Conclusions  of  the  highest  importance   to   the   theory   of 
evolution  may  be  di'awn  from  the  similarity  of  structure 
of  the  embryos  of  widely  differing  animals.     This  simi- 
larity   is    invaluable    in    practical    ontogenetic     research, 
because  the  ontogeny  of  Birds,  which  is  accurately  known, 
most  completely  supplements  and  explains  the  embryology 
of  Mammals,    which    has  been    but   imperfectly    studied. 
Hen  s  ego-s  can  be  obtained  at  all  times  and  in  any  quan- 
tity, and  by  hatching  them   artificially   the    evolution   of 
the  embryo   may  be   traced   step  by  step.     On   the  other 
hand,  it  is  much  more  difficult  to  study  the  evolution  of 
Mammals,  because  the  embryo  of  these  does  not  develop 
in  a  large  egg  that  lias  been  laid,  or,  in  other  words^  in  an 
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independent  and  isolated  body,  but  in  a  small  egg,  which, 
until  maturity,  remains  enclosed  and  concealed  in  the  body 
of  the  mother.  For  this  reason  it  is  very  difHcult  to  pro- 
cure all  the  stages  of  development  in  any  large  number^ 
for  the  purpose  of  making  connected  investigations,  not 
to  niention  external  reasons,  such  as  the  great  cost,  the 
technical  difficulties,  and  the  many  other  obstacles,  which 
lie  in  the  way  of  any  extended  series  of  researches  into 
fecundated  mammals.  For  this  reason,  from  that  time  to 
the  present  day,  the  Chick  during  the  process  of  incubation 
has  been  the  subject  oftenest  and  most  closely  investigated. 
The  perfection  of  hatching-machines  has  made  it  yet  easier 
o  obtain  embryo-chicks  in  any  required  stage  of  evolution 
ind  in  an3'  quantity,  in  order  to  examine  the  whole  process 
of  formation  step  by  step. 

Al>out  the  end  of  the  seventeenth  century  the  history  of 
ilie  evolution  of  the  incubated  Chick  had  already  been 
advanced  as  far,  and  its  more  essential,  external,  and  less 
delicate  conditions  were  as  well  known,  owing  to  the 
labours  of  Malpighi,  as  investigations  with  tlie  imperfect 
raicrosco|)cs  of  that  time  rendered  possible.  Of  course,  the 
perfection  of  the  microscope  and  of  technical  methods  of 
research  was  a  necessary  condition  for  more  accurate;  en»- 
bryological  research.  For  vertebrate  embryos  in  their 
earlier  stages  are  so  small  and  delicate,  that  it  is  impo.>^«it»lo 
to  examine  them  without  a  good  microsco|)e,  and  without 
applying  peculiar  technical  methods^  But  these  means 
were  not  applied,  and  the  microscope  was  not  essentially 
perfected  till  the  beginning  of  our  century. 

Throuijhout  the  whole  of  the  first  half  of  the  eiirhtcenth 
Century,  during  which  time  the  systematic  Natural  History 
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of  animals  and  plants  received  so  ^eat  an  impulse  fi*ona 
Linnaeus'  famous  Systema  Naturcc,  the  History  of  Evolution 
made  scarcely  any  progress.  It  was  in  the  year  1759  that 
Caspar  Friedrich  Wolff  made  his  appearance,  and  his  geniuH 
gave  an  entirely  new  direction  to  this  science.  Until  then 
Embryology  was  almost  exclusively  occupied  in  unsuccessful 
attempts  to  construct  various  theories  of  evolution  from  the 
scanty  material  already  acquired. 

The  theory  which  at  that  time  gained  almost  universal 
accxjptance,  and  which  continued  to  be  generally  received 
during  the  entire  eighteenth  century,  is  in  Germany  com- 
monly called  the  Theory  of  Unfolding  (Auswickelung),  or 
Evolution,  but  is  better  spoken  of  as  the  Theory  of  Pre- 
formation." Its  main  idea  is  the  following  :  no  really  new 
formation  takes  place  during  the  evolution  of  each  indi- 
vidual organism,  animal  or  plant,  including  therefore  Man : 
there  is  only  a  growth  and  an  unfolding  of  parts,  all 
of  which  have,  from  eternity,  been  present,  pre-formed,  and 
complete,  though  only  very  minute,  and  wrapped  together. 
Every  organic  germ,  therefore,  contains  all  the  parts  and 
organs  of  the  body  pre-formed  and  represented  in  their 
subsequent  form,  position,  and  connection,  and  the  entire 
course  of  the  evolution  of  the  individual,  the  entire  onto- 
genetic process,  is  nothing  but  an  evolution  in  the  most 
exact  meaning  of  the  word;  namely,  an  unwrapping  of 
wrapped-up  parts  already  formed.     Hence,  for  example,  in 

• 

a  hen's  egg  we  do  not  find  a  simple  cell  which  undergoes 
division,  and  the  generation  of  cells  of  which  form  layers  of 
germs,  and  by  various  changes,  separations,  and  new  for- 
iuatioDS,  ultimately  bring  into  being  the  body  of  the  Bird ; 
but  every  hen's  egg  contains  from  the  beginning  a  complete 
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Cluck,  with  all  its  parts  pre-formcd  and  wrapped  together, 
and  during  the  development  of  the  incubated  egg  these 
parts  are  merely  drawn  out  and  grow. 

As  soon  as  this  theory  was  carried  out  logically,  it 
nec^cssarily  led  to  the  Theory  of  Encasement  According  to 
this,  every  species  of  animal  or  plant  was  originally  created 
only  as  a  pair  or  as  a  single  individual ;  but  this  one  indi- 
vidual already  contained,  encased  within  itself,  the  germs  of 
aU  the  other  individuals  of  its  species  which  have  ever  lived 
or  will  liva  As  at  that  time  the  age  of  the  earth  was 
calculated,  according  to  the  Biblical  history  of  creation,  at 
five  or  six  thousand  years,  people  thought  tliey  could 
approximately  calculate  the  number  of  germs  of  every 
species  of  organism  which  had  lived  during  that  period,  and 
consequently  the  number  which  had  existed  encased  in  the 
first  '*  created  "  individual  of  the  species.  The  theory  was 
logically  extended  to  mankind,  and  it  was  accordingly 
maintained  that  our  first  common  mother  £ve  held  in  her 
ovary  the  germs  of  all  the  children  of  men,  one  encased  in 
the  other. 

This  Theory  of  Encasement  was  then  developed  so  that 
the fcinfUe  individuals  were  consi<lered  to  Ix;  the  create<l 
bein<«  which  were  encased  one  in  another.  It  was  believed 
that  only  a  single  pair  of  each  si>ecies  was  originally 
created  ;  but  the  ovary  of  the  female  individual  contained, 
encased  within  it,  all  the  genns  of  all  the  individuals  of 
the  kind,  of  both  sexes,  which  were  ever  to  develop.  But 
the  Theory  of  Pre-formation  took  quite  another  Kha]>e  when, 
in  IGDO.  Leeuwenhoek,  the  Dutch  micmscopist,  disovcred 
the  human  spermatozoids,  or  seminal  threads,  and  proved 
that  a  lai^e  number  of  extremely  delicate  and  actively 
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moving  threads  exist  in  the  sperm  or  seminal  fluid  of  tlie 
male.  (Cf.  Fig.  17  in  Chap.  VII.)  This  astcmishing  discovery 
wau  at  once  interpreted  to  the  effect  that  these  minute 
living  bodies,  briskly  swimming  about  in  the  seminal  fluid, 
were  genuine  animals,  the  pre-formed  germs  of  future 
generations.  When  at  the  time  of  fecundation  the  two 
generative  substances,  male  and  female,  came  in  contact 
with  each  other,  these  thread-like  seminal  animalcules  were 
to  penetrate  into  the  finiitful  soil  of  the  ovary  and  there  to 
attain  their  development  like  vegetable  seeds  in  the  fruitful 
soil  of  the  earth.  According  to  this  theory  every  single 
seminal  animalcule  of  Man  is  a  complete  human  being ;  all 
the  separate  parts  of  the  body  would  be  entirely  pre-formed 
in  it,  and  subject  only  to  a  mere  unwrapping  and  enlargement 
as  soon  as  they  reached  the  favourable  matrix  of  the  female 
egg.  This  theoiy  also  was  logically  carried  out  to  the  effect 
that  in  every  single  thread-like  body  were  contained  all  the 
subsequent  generations  of  its  descendents,  one  encased  in 
the  other,  each  in  the  most  extreme  degree  of  fineness,  and 
of  the  minutest  size.  The  seminal  gland  of  Adam,  therefore, 
contained  the  germs  of  all  the  children  of  men  who  have 
ever  peopled  our  planet,  who  inhabit  it  at  present,  or  will 
occupy  it  in  the  future  "  until  the  end  of  the  world." 

Of  course,  this  Doctrine  of  Encasement  in  the  Male  was 
utterly  opposed  to  the  Doctrine  of  Encasement  in  the  Femaiu 
which  had  previously  prevailed.  The  only  ground  common 
to  both  was  the  false  idea  that  the  germs  of  innumerable 
generations,  previously  formed  and  encased  one  in  another, 
existed  in  every  organism  ;  a  conception  on  which  was  also 
foimded  the  curious  Prolepsis  Theory  of  Linnaeus. 

The  two  opposite  theories  of  encasement  soon  began  a 
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rigorous  contest,  which  resulted  in  the  division  of  thp 
physiologists  of  the  eighteenth  century  into  two  large 
bodies  of  combatants,  entirely  opposed  and  contending 
vehemently.  These  were  the  Animalculists,  and  the  Ovii. 
lists.  The  dispute  between  these  two  parties  appeal's 
laughable  to  us  now,  for  the  theory  of  the  one  is  just  as 
unfounded  as  that  of  the  other.  As  Alfred  Kirchhoff  says, 
in  an  excellent  biographical  sketch  of  Wolff,  "  this  dispute 
was  as  little  capable  of  settlement,  as  the  inquiiy  whether 
the  angcLs  lived  in  the  East  or  in  the  West  of  the  heavenly 

*  >>  IS 

n*>gions.   "* 

TJie  Animalculists,  or  the  Believers  in  Sperm,  looked 
upon  the  moving  seminal  threads  as  the  real  animal  germs, 
and  they  foiind  support  on  the  one  hand  in  the  lively 
movement,  and  on  the  other  in  the  form  of  these  seminal 
animalcules.  For  in  the  case  of  man,  as  well  as  of  a  largo 
majority  of  other  animals,  they  appear  to  have  a  somewhat 
oblong,  egg-like,  or  pear-like  head,  a  thin  intermediate 
segment,  and  a  very  thin  tail,  narrowing  to  a  hair-like 
form  (Fig.  17).  In  reality,  the  whole  formation  is  but  a 
simple  whip-shaped  cell.  The  head  is  the  cellular  nucleu.s, 
surrounded  by  cell-matter,  which  is  protracted  into  the 
thinner  portions  in  the  middle,  and  to  the  hair-like,  move- 
able tail;  the  latter  is  the  whip, or  thread-like  a|>pvn<lage  of 
other  whip-shaped  cells.  The  Animalculists,  however,  con- 
eidered  the  head  to  be  a  real  animal  head,  and  the  rest  of 
the  body  to  be  a  complete  animal  l>ody.  Iioouwenhoek, 
Ilaitsoeker.  and  Spallanzani  were  the  chief  defenders  of 
this  theory  of  Pre-dolineation. 

TJie  oppasite  party,  the  Ovulists  (Ovists),  or  Believen 
in  iiggs,  who  adhered   to  the  older  Tlieory  nf  Evolutiou. 
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maintained  that  the  egg  was  the  real  animal  germ,  and 
that  tlie  seminal  animalcules,  at  the  time  of  fecundation, 
only  gave  the  impulse  which  caused  the  unfolding  of  the 
egg  in  which  all  generations  were  encased  one  in  the  other. 
This  opinion  prevailed  with  the  majority  of  biologists 
during  the  whole  of  the  last  century,  though  Wolff,  in 
1759,  demonstrated  its  utter  want  of  foundation.  Its 
acceptance  was  specially  due  to  the  fact  that  the  most 
celebrated  biological  and  philosophical  authorities  of  that 
time  had  pronounced  in  its  favour, — ^among  them  princi- 
pally Haller,  Bonnet,  and  Leibnitz. 

Albrecht  Haller,  Professor  at  Gottingen,  who  has  often 
been  called  "  the  Father  of  Physiology,"  was  a  very  learned 
and  comprehensively  educated  man,  but,  as  an  interpreter 
of  the  more  profound  natural  phenomena,  occupied  no 
very  high  position.  He  has  best  described  himself  in  the 
celebrated  and  often-cited  saying,  that  "  Into  the  inner  side 
of  Nature  no  created  mind  ever  penetrates ;  happy  he  to 
whom  she  shows  only  her  outer  husk  !"  The  best  answer 
to  this  "  husk  "  view  of  nature  was  given  by  Goethe,  in  hiw 
splendid  poem  which  ends  with  the  lines : 

**  Nor  liask  nor  kernel  Nature  brings — 
For  all  one  only  type  cf  tilings  ; 
Yet  prove  thyself,  and  seek  to  know 
If  husk  or  kernel  thou  dost  show." 

Attempts  have,  however,  been  recently  made  to  justify 
Haller*s  "  husk  "  view.  Wilhelm  His  has  made  himself  the 
special  defender  of  this  strange  conception.  Haller,  in  his 
well-known  work,  Elemenia  Phyaiologia:,  adopted  the  Theory 
of  Evolution  (Theory  of  Pre-formation)  in  a  most  decided 
manner,  in  these  words :  "  There  is  no  coming  into  being  I 
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{IfuUa  eat  epigenesis).  No  part  of  the  animal  body  was  made 
previous  to  another,  and  all  were  created  simultaneously 
(Nulla  in  corpore  animali  pars  ante  aluim  facta  eat, 
et  omnea  aimul  creata:  existtinty*  In  reality,  therefore, 
ho  denied  any  actual  evolution  in  the  natural  sense,  and 
in  this  went  so  far  as  to  maintain  even  the  existence  of  a 
beard  in  the  new-bom  boy,  and  the  existence  of  the  horns 
in  the  hornless  fawn ;  all  the  parts  were  already  present 
in  a  complete  state,  but  hidden  for  a  while  from  the  human 
ey&  Haller  even  calculated  the  number  of  human  beings 
which  God,  on  the  sixth  day  of  His  work  of  creation,  at 
once  created  and  encased  in  the  ovary  of  Eve,  the  Mother 
of  all.  He  estimated  them  at  two  hundred  thousand 
millions,  by  assuming  the  creation  of  the  world  to  have 
been  six  thousand  years  ago,  the  average  human  life  thirty 
years,  and  the  number  of  human  beings  alive  at  the  same 
time  one  thousand  million.  And  the  celebrated  Haller 
advocated  all  this  rampant  nonsense,  and  the  inferences 
drawn  from  it,  most  successfully,  even  after  Wolff  had  dis- 
covered the  true  Epigenesis,  and  proved  it  by  investigation. 
Leibnitz  was  the  most  important  of  the  philosophei-s 
who  adopted  the  Theory  of  Evolution  (Pre-formation),  an<l 
by  his  great  authority, as  well  as  by  his  taknted  ex|)osition, 
gained  numerous  followers  for  it  Based  upon  his  Theory 
of  Monad.s,  according  to  which  soul  and  b<Kiy  are  in  an 
eteinally  inseparable  union,  and  in  their  bi-unity  constitute 
the  individual  (the  Monad),  Leibnitz  (juite  lo^^ically  applied 
the  Theory  of  flnca*ement  to  the  .soul  als<»,  and  denied  all 
real  development  f«»r  it,  equally  with  the  binly.  In  hi^ 
Tfieodico!,  for  instance,  he  says:  "  1  think  that  soul.s,  which 
will  some  day  be  liumau  souls,  as  in  the  case  of  those  ^^ 
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other  species,  pre-existed  in  the  semen ;  that  they  existed 
in  the  ancestors  as  far  back  as  Adam,  therefore  since  the 
beginning  of  things,  always  in  the  form  of  organized  bodies." 

The  Theory  of  Encasement  seemed  to  receive  its  most 
important  experimental  support  in  the  researches  of  Bonnet, 
one  of  its  most  zealous  adherents.  He  observed,  for  the 
first  time,  in  Plant-lice,  the  so-called  "  virginal  generation," 
or  parthenogenesis,  which  is  an  interesting  fonn  of  propaga- 
tion lately  proved  by  Siebold  and  others,  in  many  other 
articulated  animals,  such  as  various -Crabs  and  Insects.^^ 
The  females  of  these  and  other  lower  animals  of  certain 
groups  propagate  for  several  generations  without  having 
been  impregnated  by  a  male.  Such  eggs,  which  for  their 
evolution  do  not  require  to  be  impregnated,  are  called 
"  false  eggs,"  Pseudova,  or  Spores.  Bonnet,  in  1745,  for  the 
first  time  observed  that  a  female  Plant-louse,  which  he  had 
completely  shut  off*,  as  in  a  nunnery,  and  shielded  from  all 
contact  with  males,  after  shedding  its  skin  four  times,  gave 
birth  on  the  eleventh  day  to  a  living  female,  and  within 
the  next  twenty  days  produced  as  many  aa  ninety-four 
other  females ;  and  that  soon  all  of  these,  without  having 
come  in  contact  with  a  male,  multiplied  again  in  the  same 
virgin  manner.  Thereupon,  of  course,  it  seemed  that  a 
tangible  proof  of  the  truth  of  the  Theory  of  Encasement, 
according  to  the  interpretation  of  Ovulists,  liail  been 
abundantly  furnished,  and  it  naturally  became  almost  uni- 
versally accepted  in  this  sense. 

The  case  stood  thus,  when  suddenl}',  in  the  year  1759, 
Uaspar  Friedrich  Wolff,  then  a  young  man,  appeared,  and 
with  his  new  Theory  of  Epigenesis  gave  the  death-blow  to 
the  entire  Theory  of   Pre-formation.     Wolff  was    born   at 
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Berlin,  in  1733.  He  was  the  son  of  a  tailor,  and  studied 
natural  science  and  medicine  at  fii-st  in  Berlin,  at  the 
Medico-surgical  College,  under  the  celebrated  anatomist 
Meckel,  and  subsequently  in  Halle.  Here,  in  the  twenty - 
sixth  year  of  his  age,  he  passed  his  examination  for  his 
doctor's  degree;  and  on  the  28th  of  November,  1759,  in  his 
dissertation  as  doctor,  he  defended  the  new  doctrine  of  true 
evolution,  the  ThcoHa  Generationis,  founded  on  Epigenesis. 
This  dissertation,  in  spite  of  its  small  limits  and  difficult 
language,  ranks  among  the  most  important  essays  ever 
written  in  the  whole  range  of  biological  literature.  It  is 
equally  distinguished  by  its  abundance  of  new  and  most 
cai^ful  researches,  and  by  its  far-reaching  and  very  sug- 
gestive ideas  given  in  connection  with  the  observations, 
which  latter  he  developed  into  a  brilliant  Theory  of  Evolu- 
tion entirely  true  to  natura  Yet  this  remarkable  publica- 
tion had  at  iBrst  no  results  whatever.  Although  the  study 
of  Natural  Science  was  then  flourishing  in  consequence  of 
the  impetus  given  by  Linna3us;  although  botanists  and 
zoologists  soon  numbered,  not  dozens,  but  hundreds;  yet 
hardly  anybody  took  any  interest  in  Wolti's  Theory  of 
Generation.  And  the  few  who  bad  read  it,  foremost  among 
whom  was  Haller,  considered  it  totally  false. 

Although  Wolff  proved  the  truth  of  Epigenesis  by 
means  of  the  most  accurate  research,  and  refuted  the  un- 
founded hypotheses  of  the  Theory  of  Pre-fonnation,  yet 
the  "exact"  physiologist  Haller  continued  to  be  the  most 
zealous  adherent  of  the  latter,  and  rejecteil  tlie  correct 
doctrine  of  Wolff  with  his  dictatorial  decree:  Nulla  eat 
tpl genesis  !  It  is  not  surprising  that  the  entire  body  of 
piiysiological  scholars  of  the  second  half  of  the  eighteenth 
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century  submitted  to  the  dictum  of  this  physiological  pope, 
and  opposed  Epigenesis  as  a  dangerous  innovation.  More 
than  half  a  century  elapsed  before  WolfTs  laboui-s  met  with 
their  deserved  acknowledgment.  Only  after  Meckel,  in  tho 
year  1812,  had  translated  into  German  another  most  im- 
poitant  publication  of  Wolffs,  "  On  the  Formation  of  tho 
Intestinal  Canal "  (published  1764),  and  had  drawn  atten- 
tion to  its  extraordinary  significance,  people  began  to  re- 
occupy  themselves  with  this  almost  forgotten  author,  who, 
of  all  the  naturalists  of  the  preceding  century,  had  made  the 
deepest  progress  into  the  knowledge  of  the  living  organism. 

Thus,  as  so  often  happens  in  the  history  of  human  know- 
ledge, new-bom  truth  succumbed  to  all-poweiful  error, 
upheld  by  the  weight  of  authority.  The  knowledge  of  Epi- 
genesis, clear  as  the  sun,  was  not  able  to  pierce  through  the 
thick  fog  of  the  Dogma  of  Pre-formation,  and  its  ingenious 
discoverer  was  vanquished  in  the  fight  for  the  truth  J^y  the 
overwhelming  power  of  the  enemy. 

The  result  was  that  all  progress  in  the  History  of  Evo- 
lution was  for  a  while  aires  ted.  This  is  all  the  more  to  be 
regretted  because  Wolff  was  finally  compelled,  by  untoward 
circumstances,  to  quit  his  Gennan  Fatherland.  From  the 
first  without  means,  he  had  only  been  able  to  finish  his  clas- 
sical work  in  the  face  of  great  diflSculties,  and  was  then  com- 
pelled to  earn  his  bread  as  a  practising  physician.  During 
the  Seven  Years*  War  he  was  busy  in  the  Silesian  hospitals, 
and  gave  excellent  lectures  on  Anatomy  in  the  field  hospital 
of  Breslau,  attracting  the  attention  of  Cothenius,  the 
eminent  Director  of  Hospitals.  When  peace  had  been  con- 
cluded, this  distinguished  patron  tried  to  procure  a  chaii 
in  Berlin  for  Wolff,  but  failed  on  account  of  the  narrow- 


HISTORY  OP   WOLFF.  43 

mindedness  of  the  professors  of  the  Berlin  Medico-surgical 
College,  who  were  averse  to  all  scientific  progress.  This 
most  learned  faculty  persecuted  the  Theory  of  Epigcnesis 
as  one  of  the  most  dangerous  heresies ;  just  as  is  the  case 
now  with  the  Theory  of  Descent.  Although  Cuthcniua, 
and  other  patrons  in  Derlin,  took  a  warm  interest  in  Wolff, 
it  was  impossible  even  to  procure  permission  for  him  to 
give  public  lectures  on  Physiology  in  Berlin.  The  conse- 
quence was,  that  Wolff  was  obliged  to  accept  a  summons 
with  which  the  Empress  Catherine  of  Russia  honoured  him 
in  17G6.  He  went  to  St.  Petci'sburg,  where  he  remained 
for  twenty-seven  years,  devoting  himself  in  undisturbed 
quiet  to  his  deep  researches,  and  enriching  the  publicatioa? 
of  the  St.  Petersburg  Academy  with  the  productions  of  his 
brilliant  talents.     He  died  there  in  I7d4f}^ 

The  progress  which  Wolff  made  in  the  entire  science  of 
Biology  was  so  great  that  the  naturalists  of  that  time  could 
not  grasp  it.  The  mass  of  important  new  researches,  and 
of  fruitful  and  great  ideas  accumulated  in  his  publications, 
is  so  enormous  that  their  full  value  has  only  been  gradually 
appreciated,  and  their  bearing  properly  understood  during 
the  present  century.  Wolff  opened  up  the  right  path  into 
the  most  various  branches  of  biolo<;ical  investii^ationa 
Firstly,  and  al>ove  all,  by  the  Theory  of  Epigenesi.s,  he 
first  made  the  real  nature  of  organic  evolution  intelligible. 
He  proved  witLsfactorily  that  the  evolution  of  every  organ- 
ism con.sists  of  a  series  of  new  formations,  and  that  no 
trace  of  the  form  of  the  developed  organism  e.xisLs  either  in 
the  egg  or  in  the  semen  of  the  male.  These*  are  simple 
bodies  of  an  entirely  difierent  significance.     The  germ,  or 

embryo  which  dovelo[)s  from  the  '^gg,  shows  in  the  various 
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phases  of  its  evolution  an  intcinal  structure  and  an  external 
form  totally  different  from  those  of  the  developed  organism. 
In  none  of  these  phases  do  we  find  any  pre-formed  parts ; 
nowhere  any  encasement  In  these  days  we  can  scarcely 
continue  to  call  this  Theory  of  Epigenesis  a  theory,  for  we 
have  been  thoroughly  convinced  of  its  correctness  in  fact> 
and  we  ai*e  able  to  demonstrate  it  in  any  moment  under  the 
microscope.  Nor,  during  the  last  decade,  has  any  doubt  of 
the  truth  of  Epigenesis  been  expressed. 

Wolff  supplied  detailed  proof  of  his  Theory  of  Epigenesis 
in  his  scholarly  treatise  "On  the  Formation  of  the  Intestinal 
Canal  (1768)."  In  its  complete  condition  the  intestinal 
canal  of  the  Chick  is  a  very  complex,  long  tube,  to  which 
the  lungs,  the  liver,  the  salivary,  and  many  smaller  glands 
are  attached.  Wolff  showed  that  there  is  no  trace  of  this 
complex  tube,  with  all  its  various  parts,  in  the  embryo 
Chick  during  the  first  period  of  incubation,  but  that  in  its 
place  there  is  a  flat,  leaf-shaped  body ;  and  that  the  whole 
embryo-body  in  the  earliest  period  is  also  of  a  flat,  oblong, 
leaf-like  form.  Considering  the  difficulty  of  accurately  ex- 
amining conditions  so  extremely  minute  and  delicate  as  the 
first  leaf-shaped  beginnings  of  the  body  of  the  bird  with  the 
indifferent  microscopes  of  the  last  century,  we  cannot  but 
admire  the  rare  talent  for  observation  possessed  by  Wolff, 
who  actually  proved  the  most  important  facts  known  in 
this  the  darkest  portion  of  Embryology.  From  this  very 
difficult  investigation  he  even  drew  the  correct  conclusion 
that  the  entire  embryonic  body  of  all  higher  animals,  as 
well  as  of  birds,  is  for  a  while  a  flat,  thin,  leaf-shaped 
plate,  which  at  first  appears  simple,  but  subsequently 
Bs  if  composed  of  several  layers.     The  lowest  of  all  these 
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layers,  or  leaves,  is  the  intestinal  canal,  the  development  of 
which  Wolff  examined  thoroughly,  from  its  beginning  to  ita 
completion.  He  showed  that  the  leaf-like  rudiment  first 
forms  a  groove,  the  edges  of  which  curve  towards  each  other, 
thus  growing  into  a  closed  tube,  and  that,  finally,  at  the 
eii'ls  of  this  tube  the  two  openings,  mouth  and  anus,  ai'ise. 

Nor  did  Wolff  overlook  the  fact  that  the  other  organic 
systems  of  the  body  originate,  in  an  entirely  similar  way 
from  leaf-shaped  rudiments,  which  afterwards  assume  the 
form  of  tubes.  Like  the  intestinal  canal,  the  nerve,  muscle, 
and  vascular  systems,  with  all  the  various  organs  belonging 
to  the  last,  develop  from  a  simple  layer-like  or  leaf-like 
rudiment  Thus  in  1768  Wolff  learned  the  very  significant 
fact,  which,  half  a  century  later,  was  first  formulated  by 
Pander,  in  the  fundamental  "germ-layer  theoiy."  The 
sentence  in  which  Wolff  expressed  the  main  idea  of  this 
theory  is  so  remarkable,  that  I  quote  it  "This  very 
wonderful  analogy  between  parts  which  in  Nature  are  so 
widely  separated,  an  analogy  which  is  not  imaginary,  but 
is  founded  on  the  most  reliable  observations,  is  in  the 
highest  degree  worthy  of  the  attention  of  physiologists ; 
for  it  will  be  granted  that  it  has  a  deep  significance  and 
that  it  is  most  intimately  connected  with  the  gcnci-ation. 
and  with  the  nature  of  animals.  The  ditferent  systems 
which  compose  the  whole  animal  seem  to  be  successively 
formed,  at  different  times  but  on  one  plan;  and  these 
systems  are  therefore  like  one  another,  even  though  in  Uieir 
nature  they  are  distinct  The  system  which  is  first  pro- 
duced, which  first  assumes  a  peculiar  definite  form,  is  the 
nerve-system.  When  tliis  is  completed  the  flesh-mas6| 
which  properly  speaking  constitutes  the  embryo,  is  formed 
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on  the  same  plan.  A  third,  the  vascular  system,  now  appears, 
which  is  certainly  sufficiently  similar  to  the  two  earlier 
structures  to  allow  of  its  form  being  easily  recognized  as 
that  which  has  been  described  as  approximately  common  to 
al  1  the  systems.  The  fourth  system,  the  intestinal  canal,  now 
follows ;  this,  again,  is  formed  on  the  same  plan,  and,  when 
completed  and  closed,  resembles  the  three  earlier  systems." 
In  this  most  important  discovery  Wolff  laid  the  fu-st 
foundations  of  the  fundamental  "  germ-layer  theory  **  which 
was  not  completely  developed  till  long  afterwards,  by 
Pander  (1817;  and  by  Baer  (1828).  It  is  true  that  WolfTs 
propositions  are  verbally  incorrect,  but  in  them  he  reached 
the  truth  as  nearly  as  was  then  possible,  and  as  was  to  be 
expected.  We  shall  presently  sec  how  nearly  he  approached 
to  the  real  state  of  the  case. 

Wolff  owes  much  of  his  comprehensive  conception  of 
nature  to  the  fact,  that  he  was  as  good  a  botanist  as  a 
zoologist.  He  studied  the  history  of  the  development  of 
plants  also,  and  in  the  field  of  botany  first  founded  the 
theory  which  Goethe  afterwards  developed  in  his  brilliant 
treatise  on  the  "  Metamorphosis  of  Plants."  Wolff  was  the 
first  to  show  that  all  the  various  parts  of  plants  may  be 
traced  back  to  the  leaf  as  their  common  rudiment,  or 
*  fundamental  organ.**  Flower  and  fruit,  with  all  their 
parts,  consist  only  of  modified  leavea  This  discovery  must 
have  seemed  all  the  more  surprising  to  Wolft',  from  the  fact 
that  he  had  discovered  a  simple  leaf-like  rudiment  to  be 
the  first  form  of  the  embryonic  body  of  animals,  as  it  is  of 
[tlanta. 

We  therefore  find  in  Wolff  distinct  traces  of  those 
theories  of  which,  at  a  much   later   period,   other   gifted 
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naturalists  were  to  construct  tlie  foundation  of  the  know- 
le<Jge  of  the  morphology  of  the  animal  and  vegetable  body. 
But  our  admiration  for  this  eminent  genius  is  still  greater 
when  we  discover  that  he  also  first  indicated  the  famous 
cellular  theory.  Indeed,  Wolff  had,  as  Huxley  first  pointed 
out,  an  evident  presentiment  of  this  fundamental  theory, 
for  he  considered  minute  microscopical  vesicles  to  be  the 
real  elementary  parts  constituting  the  germ-layers. 

Finally,  particular  attention  must  be  directed  to  the 
monistic  character  of  the  profound  philosophical  rcflectiona 
which  Wolff  published  in  connection  with  all  his  admirable 
investigations.  Wolff  was  a  great  monistic  Natural  Phi- 
losopher, in  the  best  and  most  correct  sense  of  the  word. 
It  is  tine  that  his  philosophical  researches,  like  his  ex- 
perimental ones,  were  ignored  for  more  than  half  a  century, 
and  have  not  even  yet  met  with  the  recognition  which 
they  deserve ;  but  we  therefore  emphasize  yet  more 
strongly  the  fact  that  their  tendency  was  strictly  in  that 
line  of  philosophy  which  we  call  monistic,  and  which  alone 
ctui  be  considered  correct 
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"  The  History  of  Evolution  is  the  real  source  of  light  in  the  investigation 
of  organic  bodies.  It  is  applicable  at  every  step,  and  nil  our  ideas  of  thn 
correlation  of  organic  bodies  will  be  swayed  by  our  knowledge  of  the 
history  of  evolution.  To  cairy  the  proof  of  it  into  all  brunches  of  roscarcL 
would  be  an  almost  endless  task."— Karl  Ernst  Baer  (1828). 

If  we  wish  to  separate  our  historic  survey  of  the  course 
of  the  development  of  the  Science  of  Human  Ontogeny 
into  parts,  it  is  most  convenient  to  make  three.  The  first 
of  these  occupied  the  last  chapter,  and  includes  the  whole 
preparatory  period  of  embryological  researches ;  it  extends 
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fi-om  Aristotle  to  Caspar  Friedrich  Wolff,  to  the  yeai*  1759, 
when  the  Theoria  Generationis  appeared  and  laid  the 
foundation  for  future  work.  The  second,  to  which  we  now 
turn  our  attention,  comprises  exactly  a  century ;  that  is, 
to  the  year  1859,  in  which  appeared  Darwin's  work  on 
"  The  Origin  of  Species,"  which  reformed  the  whole  basis  of 
the  science  of  Biology,  and  especially  of  Ontogeny.  The 
beginning  of  the  third  division  is  as  recent  as  the  time  of 
Darwin. 

As  Wolff's  labours  remained  entirely  unnoticed  during 
half  a  century — till  the  year  1812 — we  are  not  quite 
accurate  in  assigning  the  exact  duration  of  a  century  to  the 
second  division.  During  fifty-three  years  not  one  book 
appeared  which  followed  in  the  lines  laid  down  by  Wolff, 
and  carried  on  his  Theory  of  Evolution.  Uis  opinions, 
which  were  perfectly  correct  and  founded  directly  on  actual 
observations,  were  only  occasionally  mentioned,  and  then 
only  to  1x5  rejected  as  erroneous.  His  opponents,  followers 
of  the  prevalent  and  mistaken  theory  of  Pre  formation,  did 
not  even  deign  to  refute  him.  This  was  owing,  as  I  have 
said  before,  to  the  extraordinary  autliority  ix>sse8sed  by 
Allirccht  I  Taller,  WollFs  distinguished  opponent,  and  the 
circuiiisUinco  furnishes  one  of  the  most  remarkable  examples 
of  the  induence  which  a  great  authority  may,  as  such,  long 
exert  nguinst  tlie  clear  recognition  of  facts.  The  neglect 
of  Wolll's  laboui-8  was  so  universal  that  in  the  U'ginniiig 
of  this  century  two  naturalists,  Oken  (1806)  and  Kieser 
(1810),  undertook  independent  investigations  into  the 
development  of  tlie  intestinal  canal  in  the  Chick,  and 
obtained  a  correct  insight  into  Ontogeny,  without  being 
aware  of  the  existence  of  WoUFs  important  work  in  iba 
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same  field,  and  trod  in  his  very  footsteps  unconsciously. 
That  they  really  did  not  know  his  works  is  proved  by  the 
fact  that  they  did  not  advance  as  far  as  Wolff  had  done. 
In  the  year  1812  when  Meckel  translated  WolfTs  book  on 
the  Evolution  of  the  Intestinal  Canal  into  German,  and 
called  attention  to  its  great  importance,  the  eyes  of  anato- 
laists  and  physiologists  were  for  the  firet  time  suddenly 
opened,  and  a  great  number  of  Biologists  soon  after  under- 
took new  embryological  investigations,  following  out  and 
corroborating  Wolff's  theory  step  by  step. 

This  revival  of  Ontogeny,  and  the  first  confirmation  and 
further  development  of  the  only  true  theory  of  Epigenesis, 
started  from  the  university  of  Wiirzburg.  The  distinguished 
biologist,  Doilinger,  was  then  lecturing  there.  He  was  the 
father  of  the  famous  theologian  of  Munich,  who  has  done 
such  good  service  in  our  day  by  his  opposition  to  the  new 
dogma  of  papal  infallibility.  Doilinger  was  both  a  thought- 
ful natural  philosopher,  and  an  accurate  biological  observer. 
He  felt  the  greatest  interest  in  the  History  of  Evolution, 
and  was  much  occupied  with  it.  Yet  he  himself  was  unable 
to  produce  any  very  important  work  in  this  department, 
from  want  of  means.  But  in  the  year  181 G,  a  young  doctor 
of  medicine,  who  had  just  graduated,  and  whom  we  shall 
soon  learn  to  know  as  the  most  important  follower  of  Wolff*, 
came  to  Wiirzburg.  This  was  Karl  Ernst  Baer.  His  con- 
versations with  Doilinger  on  the  History  of  Evolution 
resulted  in  a  renewal  of  the  investigations.  Doilinger  ox- 
pressed  a  wish  that,  under  his  direction,  some  young 
naturalist  should  undertake  a  series  of  independent  re- 
searches into  the  evolution  of  the  Chick  during  the  hatching 
i)f  the  (^gg.     But  neither  he  nor  Baer  pos-scssed  the  cou 
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siderable  pecuniary  means  then  necessary  to  provide  a 
hatching-apparatus,  such  as  would  afford  uninterrupted 
observations  of  the  process,  or  to  pay  a  skilled  artist  tj 
depict  in  a  reliable  form  the  successive  stages  of  develop- 
ment. They,  therefore,  confided  the  execution  of  the  plan 
to  Chiistian  Pander,  a  wealthy,  early  friend  of  Baer s,  by 
whom  he  had  been  induced  to  come  to  Wiii-zburg.  Dalton, 
a  skilful  artist,  was  engaged  to  prepare  the  necessary  copper- 
plates. 

Thus  v/as  formed,  as  Baer  says,  **  that  combination,  ever 
memoitible  in  the  liistory  of  science,  in  which  a  veteran,  grown 
gray  in  physiological  researches  (Dollinger),ayouth  glowing 
with  zeal  for  science  (Pander),  and  an  artist  without  a  peer 
(Dalton),  united  their  powers  to  lay  a  firm  foundation  for 
the  History  of  the  Evolution  of  the  Animal  Organism."  In 
a  short  time  the  history  of  the  evolution  of  the  Cliick,  in 
which  Baer  took,  though  indirectly,  a  most  active  part, 
was  so  far  advanced  that  Pander,  in  his  dissertation  *  for 
the  degree  of  doctor,  published  in  1817,  was  able  to  give 
the  fii*st  complete  sketch  of  the  histor}'  of  the  evolution  of 
the  Chick  on  the  basis  of  Wolff's  theory.  He  was  able  to 
<lc»fine  clearly  WolfFs  Theory  of  Germ-leaves,  and  to  prove 
from  observation  the  evoluticm  of  the  complex  system  of 
organs  from  simple  leaf-shaped  primitive  organs,  as  anti- 
cipated by  WoltE  According  to  Pander,  the  le^f-shap^d 
germinal  appendage  of  the  hen  s  egg  sei>arates  befoi-e  the 
twelfth  hour  of  incubation  into  two  distinct  layei-s — an 
outer  serous  layer,  and  an  inner  mucous  layer.  Ik*tween 
the  two,  a  third,  vascular  layer,  sul>se<|uently  develops. 

Baer,  who  was  one  of  those  most  active  in  inducing: 
Pander  to  make   his  investigations,  and  who  rctaine*!  tlio 
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liveliest  interest  in  them  after  his  departure  from  Wilrzburg, 
began  his  own  much  more  comprehensive  researches  in 
1819,  and  nine  years  later  published,  as  the  fruit  of  thesi* 
1  esearches,  a  work  on  *'  The  History  of  the  Evolution  of 
Animals/*  which  even  now  is  generally  and  rightly  con- 
sidered the  most  important  and  valuable  contribution  to 
embryological  literature.  This  book,  a  true  model  of  careful, 
experimental  investigation,  combined  with  ingenious  philo- 
sophical speculation,  appeared  in  two  parts ;  the  first  in 
the  year  1828,  the  second  in  1837.^  It  is  the  firm  founda- 
tion on  which  the  whole  histoiy  of  the  evolution  of  the 
individual  rests  to  this  day,  and  so  far  surpasses  its  pre- 
decessors, including  Pander's  outline,  that,  next  to  the 
labours  of  Wolff,  it  must  be  regarded  as  the  most  important 
basis  of  modern  Ontogeny.  As  Baer,  who  died  at  Dorpat  in 
November,  1876,  was  one  of  the  greatest  naturalists  of  our 
century,  and  has  exerted  a  most  important  influence  on 
other  branches  of  Biology  also,  it  may  be  of  interest  to  give 
some  account  of  the  life  of  this  extraordinary  man. 

Karl  Ernst  Baer  was  born  in  1792,  in  Esthonia,  on  the 
little  estate  of  Piep,  which  his  father  owned.  He  studied 
at  Dorpat  from  1810  to  1814?,  and  then  went  to  Wurzburg, 
where  Dollinger  not  only  initiated  him  into  Comparative 
Anatomy  and  Ontogeny,  but  also  exercised  over  him,  by 
his  own  interest  in  philosophical  studies,  a  highly  stimu- 
lating influence.  From  Wurzburg  Baer  went  to  Berlin, 
and  then,  accepting  a  call  from  the  physiologist  Burdach, 
to  Konigsberg.  There  he  delivered  lectures  on  Zoology  and 
Evolution,  with  some  inteiTuptions,  until  1834,  and  com- 
pleted his  most  important  works.  In  1834<  he  went  to  St 
Petersburg  as  a  member  of  the  Academy  of  that  placa 
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There,  however,  he  forsook  ahnosi  entirely  his  former  field 
of  labour,  and  occupied  himself  with  researches  of  a  totally 
different  nature,  in  various  branches  of  Natural  Science, 
especially  in  Geography,  Geology,  Ethnography,  and  Anthro- 
f  Dlogy.  His  works  on  the  History  of  the  Evolution  of 
Animals  are  far  the  most  important;  nearly  all  of  these 
were  completed  while  he  was  in  Konigsberg,  though  some 
of  them  were  not  published  until  later.  Their  merits,  like 
those  of  Wolff's  vrritings,  are  many-sided,  and  extend  over 
the  whole  domain  of  Ontogeny  in  very  various  directiona 

Baer  especially  perfected  the  fundamental  Theory  of 
Germ-layers,  as  a  whole  as  well  as  in  detail,  so  clearly  and 
completely,  that  his  idea  of  it  yet  forms  the  safest  basis  of 
our  knowledge  of  Ontogeny.  He  showed  that  in  Man  and- 
the  other  Mammals,  as  in  the  Chick — in  short,  as  in  all  Ver- 
tebrates— first  two,  and  then  four  germ-layers  are  formed, 
always  in  the  same  manner,  and  that  the  modification  of 
these  into  tubes  gives  rise  to  the  fii-st  fundamental  organs 
of  the  body.  According  to  Baer,  the  first  rudiment  of  the 
body  of  a  Vertebrate,  as  it  appears  on  the  globular  yelk 
of  the  fertilized  egg,  is  an  oblong  disc,  which  firht  separates 
into  two  leaves  or  layers.  From  the  upper  or  animal  layer 
evolve  all  the  organs  which  proiluce  the  phenomena  of 
animal  life  :  the  functions  of  sensation,  of  motion,  and  the 
covering  of  the  body.  From  the  lower  or  vegetative  layer 
proceed  all  the  organs  which  bring  about  the  growth  of  the 
body :  the  vital  functions  of  nutrition,  digestion,  blood- 
making,  breathing,  secretion,  reproduction,  and  the  like. 
Each  of  these  two  original  germ-layers  separates  again  into 
two  thinner  layers,  or  lamella.*,  one  lying  above  the  other. 
Fimt,  the  animal  layer  separates  into  two,  which  Baer  calls 
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the  skin,  or  dermal  layer,  and  the  flesh,  or  muscular  layei. 
From  the  uppermost  of  these  two  lamellae,  the  skin-layer, 
are  formed  the  outer  skin,  the  covering  of  the  body,  and  tho 
central  nervous  system,  the  spinal  cord,  the  brain,  and 
the  organs  of  sensatioa  From  the  lower,  or  fles^-layer, 
the  muscles,  or  fleshy  parts,  the  internal  or  bony  skeleton, — 
in  short,  the  organs  of  motion,  arise.  Secondly,  the  lower, 
or  vegetative  germ-layer,  parts  in  the  same  way  into  two 
lamellae,  which  Baer  distinguishes  as  the  vascular  and  the 
mucous  layer.  From  the  outer  of  the  two,  the  vascular 
layer,  proceed  the  heart  and  the  blood-vessels,  the  spleen, 
and  the  other  so-called  blood-vessel  glands,  the  kidneys, 
and  the  sexual  glands.  Finally,  from  the  lowest,  and  fourth 
or  mucous  layer,  arises  the  inner  alimentary  membrane  of 
the  intestinal .  canal,  with  all  its  appendages,  liver,  lungs, 
salivary  glands.  Baer  traced  the  transformation  of  these 
four  secondary  germ-layers  into  tube-shaped  fundamental 
organs  as  ingeniously  as  he  had  successfully  determined 
their  import  and  their  fonnation  in  pairs  by  the  segmen- 
tation of  the  two  primary  germ-layei*s.  He  was  the  first 
to  solve  the  difiicult  problem  as  to  the  process  by  which 
the  entirely  different  body  of  the  vertebrate  develops  from 
this  flat,  leaf-shaped,  four-layered  original  germ  ;  the  process 
was  the  transformation  of  the  layers  into  tubes. 

In  accordance  with  certain  laws  of  growth,  the  flat 
hiyers  bend,  and  become  arched ;  the  edges  grow  towards 
each  other  so  that  the  distance  between  them  is  continually 
decreased ;  finally  they  unite  at  the  point  of  contact  By 
this  process  the  flat  intestinal  layer  changes  into  a  hollow 
intestinal  tube ;  the  flat  spinal  layer  becomes  a  hoUow 
spinal  tube,  the  skin-layer  becomes  a  skin-tube,  eta 
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Among  the  many  and  great  services  which  Baer  ren« 
dered  in  detail  to  Ontogeny,  especially  to  that  :f  Vertehi-ates, 
his  discovery  of  the  human  egg  must  be  especially  men- 
tioned here.  Most,  even  of  the  earlier  naturalists,  had 
ass  limed  that  man  proceeds,  like  other  animals,  from  an 
egg.  The  Theory  of  Evolution  (pre-formation)  had,  more- 
over, assumed  that  all  past,  present,  and  future  genemtious 
of  the  human  race  existed  encased  in  the  ova  of  Eve,  the 
common  mother.  Yet  the  ova  of  Man  and  other  Mammals 
were  not  actually  known  till  the  year  1827.  For  the  egg 
is  exceedingly  small,  a  spherical  vesicle  or  bladder  of  only 
one-tenth  of  a  line  in  diameter,  which  can  be  seen  with  the 
naked  eye  only  under  very  favourable  circumstances.  Tliis 
spherical  vesicle,  when  in  the  ovary  of  the  mother,  is  en- 
closed in  a  number  of  peculiar  spherical  vesicles  of  much 
larger  size,  called  Graafian  follicles,  after  their  discoverer 
Qraaf,  and  these  were  formerly  universally  regarded  as  the 
actual  eggs.  It  was  not  until  the  year  18:27 — not  fifty  years 
ago — that  Baer  proved  that  these  Graafian  follicles  are  not 
the  actual  eggs,  which  are  much  smaller,  and  only  imbedded 
in  the  Graafian  follicles.     (Cf  end  of  Chapter  XXV.) 

Baer  was  also  the  first  to  observe  the  so-called  genninal 
vesicle  of  Mammals,  that  is,  the  little  spherical  bladder 
which  i.s  first  developc<l  from  the  iinj)re;^'natetl  egg,  and  thu 
Ihii  wall  of  which  consisLs  of  a  single*  layer  of  uniform 
jX)lygonal  cells.  (See  ('haptor  VIII.)  Another  discovery  of 
Baer's,  of  great  imj)ortance  in  un«l«ist;in(ling  the  tyjms  of 
the  lineage  of  the  Vert«'l»iatc*s,  an«l  the  characteristic 
organization  of  this  group  of  animals  in  which  Man  is 
included,  was  that  (»f  the  Chorda  Jhnfi'il'iH,  Tliis  is  a  long, 
Uiin,  cylimlrical  cartilaginous  cord,  which  in  all  Vertebrates 
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passes  lengthwise  through  the  whole  body  of  the  embrya 
It  is  developed  at  a  very  early  stage,  and  is  the  first  form?/- 
tion  of  the  spine,  the  firm  axis  of  Vertebrates.  In  the 
I«ancelet  (Amphioxus),  the  lowest  of  all  Vertebrates,  the 
entire  inner  skeleton  is  limited  to  this  Chorda  throughout 
life.  But  in  Man  and  all  the  higher  Vertebrates,  first  the 
spine,  and  later  the  skull,  are  developed  round  this  cord. 

Important  as  these  and  many  other  discoveries  of  Baer's 
were  in  the  Ontogeny  of  Vertebrates,  yet  the  great  im- 
portance of  his  researches  rested  especially  on  the  fact  that 
he  was  the  first  to  apply  the  comparative  method  to  the 
study  of  the  evolution.  It  was,  of  course,  the  Ontogeny  of 
Vertebrates,  and  principally  of  Birds  and  Fishes,  that  Baer 
first  and  especially  investigated.  Yet  he  by  no  means 
limited  himself  to  these ;  for  he  included  various  Inverte- 
brates in  his  investigations.  The  most  general  result  of 
these  comparative  embryological  researches  was  that  Baer 
assumed  four  totally  difierent  courses  of  evolution  for  the 
four  principal  groups  of  the  animal  kingdom.  These  four 
chief  groups,  or  types,  which  at  that  time  had  just  begun 
to  be  distinguished,  in  consequence  of  George  Cuvier  s 
researches  in  Comparative  Anatomy,  are :  (1)  Vertebrates 
(Vertebrata) ;  (2)  Articulated  animals  (Arihropoda) ;  (3) 
Soft-bodied  animals  {Mollusca) ;  and  (4)  the  lower  animals, 
which  at  that  time  were  all  eiToneously  grouped  under  the 
term  Badiata,  Cuvier,  in  the  year  1816,  demonstrated  for 
the  first  time  that  these  four  groups  of  the  animal  kingdom 
show  very  essential  and  typical  distinctions  in  their  whole 
inner  structure,  and  in  the  arrangement  and  position  of  the 
organic  systems ;  that,  on  the  other  hand,  the  internal 
structure  of  all  animals  of  one  type,  for  example,  of  all  Ver- 
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tcbrates,  is  essentially  similar,  notwithstAnding  the  great 
variety  of  outward  forms.  Baer,  however,  independently 
and  almost  simultaneously,  furnished  proof  that  the  four 
groups  develop  from  the  egg  by  entirely  different  processes, 
and  further,  that  the  order  of  the  series  of  embryonic  forma 
in  the  course  of  evolution  is  from  the  very  beginning 
identical  in  all  animals  of  the  same  type,  but,  on  the  other 
hand,  different  in  those  of  different  types.  Up  to  that 
time,  in  making  a  classification  of  the  animal  kingdom,  an 
endeavour  had  always  been  made  to  arrange  all  animals,  from 
the  lowest  to  the  highest,  from  the  infusoria  to  man,  in 
a  single  connected  series  of  forms;  and  the  false  idea  had 
always  been  maintained,  that  there  was  a  single  unbroken 
gradation  of  development  from  the  lowest  animal  to  the 
highest  Cuvier  and  Baer  proved  that  this  conception  is 
totally  erroneous, — and  that,  on  the  contrary,  there  are  four 
wholly  distinct  types  of  animals,  which  must  be  distin- 
guished not  only  as  to  their  anatomical  structure,  but  also 
as  to  their  embryonic  evolution. 

As  a  result  of  this  discovery,  Baer  succeeded  in  estab- 
lishing a  very  important  law,  which  we  shall  name  in  his 
honour  Baer*s  Law,  and  which  he  expresses  as  follows : 
"  The  evolution  of  an  individual  of  a  certain  animal  form 
is  determined  by  two  conditions :  firstly,  by  a  continuous 
j-K^rfection  of  the  animal  body  by  means  of  an  increasin^^ 
histological  and  morphological  differentiation,  or  an  increas- 
ing number  and  diversity  of  tissues  and  oipanic  forms; 
Bccoiidly,  and  at  the  same  time,  by  (he  continual  transition 
from  a  more  general  fui-m  of  the  type  to  one  m(>rc  specific** 
The  degree  of  perfection  of  the  animal  Ixxly  depends  on 
the  greater  or  less  amount  of  heterogeneity  there  is  in  its 
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elementary  parts,  and  in  the  segments  o^  its  composite 
organs, — in  a  word,  in  the  degree  of  histological  and  mor- 
phological differentiation.  The  type,  on  the  other  hand, 
is  the  order  of  the  arrangement  of  the  organic  elements  and 
of  tlie  organs.  The  type  is  quite  distinct  from  the  degree  of 
perfection;  the  same  type  may  exLst  in  several  degrees 
of  perfection ;  and,  conversely,  the  same  grade  of  perfection 
may  be  reached  in  several  types.  This  explains  the  phe- 
nomenon that  the  most  perfect  animals  of  any  type, — for 
example,  the  highest  Arthropods  and  Molluscs, — are  much 

0 

more  perfectly  organized,  or  more  highly  differentiated, 
than  the  most  imperfect  animals  of  other  types, — for  ex- 
ample, than  the  lowest  Vertebrates  and  Star-animals. 

Baers  Law  has  been  of  the  greatest  importance  in 
advancing  our  knowledge  of  animal  organization  ;  though 
it  was  not  until  a  later  period  that  Darwin  enabled  us  to 
perceive  and  value  its  real  significance.  Here  we  may 
at  once  remark  that  it  can  only  be  really  understood  by 
means  of  the  Theory  of  Descent,  by  the  recognition  of  the 
very  important  part  played  by  Heredity  and  Adaptation 
in  the  construction  of  organic  form.  As  I  have  shown  in 
my  Generclle  Morpholojie  (vol.  il  p.  10),  the  type  of 
evolution  is  the  mechanical  result  of  Heredity;  the  degree 
of  perfection  is  the  mechanical  result  of  Adaptation. 
Heredity  and  Adaptation  are  the  mechanical  factors  in  the 
production  of  organic  forms,  which  were  first  brought  to 
bear  on  Ontogeny  by  Darwin's  Theory  of  Selection,  and 
which  have  enabled  us  for  the  fii*st  time  to  understand 
Baer  s  Law. 

Bacr's  labours  marked  the  beginning  of  a  new  epoch, 
and    aroused   an   extraordinary    interest   in   embryological 
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resMirch  throughout  a  very  wide  circle.  Wc  find,  therefore, 
that  a  large  number  of  investigators  occupied  the  newly 
found  field  of  research,  and,  with  praise  worthy  industry, 
made  a  great  number  of  distinct  new  facts  in  a  short  time. 
The  majority  of  these  new  embryologists  aixj  industrious 
specialistfi,  who  have  been  very  useful  in  collecting  fresh 
materials,  but  who  have,  as  a  rule,  done  but  little  to  ad- 
vance the  general  problem  of  the  Uistory  of  Germs.  I  can* 
therefore,  limit  myself  to  the  mention  of  a  few  names. 
Of  special  importance  are  the  investigations  of  Heinrich 
Rathke,  of  Konigsberg  (died  1861),  who  did  much  to  advancs 
the  History  of  the  Evolution  of  Invertebrates  (Crabs,  In- 
sects, Molluscs),  as  well  as  of  Vertebrates  (Fishes,  Turtles, 
Snakes,  Crocodiles).  In  the  subject  of  the  Embryology  of 
Mammals,  the  widest  conclusions  are  due  to  the  careful 
experiments  of  Wilhelm  Bischoff,  of  Munich.  His  History 
of  the  Evolution  of  the  Rabbit  (18^0),  of  the  Dog  (I8i2),  of 
the  Ouinca-Pig  (1852),  and  of  the  Roe-Deer  (1834),  are  as 
yet  the  most  important  basis  of  study  in  this  department. 
Among  the  numerous  works  on  the  History  of  the  Evolution 
of  Invertebrates,  those  of  the  well-known  zoologist,  Johannes 
Mliller,  of  Berlin,  on  Star-animals  {Echinodo'via),  are  espe- 
cially noteworthy ;  also  those  of  Allxjrt  Kolliker,  of  Wiirz- 
burg,  on  Cuttle-fishes  (Ce/^WopoAi);  of  Sieboldand  Huxley, 
on  Worms  and  Plant-animals ;  of  Fritz  Miiller  (Dcsterro),  on 
the  Crustacea ;  of  Weismann,  on  Insects,  etc.  The  number  of 
labourers  in  this  field  has  of  late  greatly  increased,  although 
not  very  much  of  special  importance  has  been  accomplished 
It  is  evident,  from  the  majority  of  recent  publications  on 
Ontogeny,  that  their  authors  are  not  familiar  enough  with 
Comparative  Anatomy.     The  most  important  of  the  latest 
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ontogenetic  works  are  those  of  Kowalevsky,  E.  Ray  Lan* 
kester,  and  Eduard  van  Beneden,  to  which  wo  shall  presently 
again  refer.^ 

A  more  decided  advance  in  general  knowledge  than  was 
effected  by  all  these  separate  investigations,  dates  from  tho 
year  1838,  when  the  proof  of  the  Cellular  Theory  suddenly 
opened  a  new  field  of  research  in  the  History  of  Evolution. 
The  distinguished  botanist,  Schleiden,  of  Jena,  having 
proved  by  means  of  the  microscope  that  every  vegetable 
body  is  composed  of  innumerable  elementary  parts,  the  so- 
called  cells,  Theodor  Schwann,  of  Berlin,  a  pupil  of  Johannes 
Muller,  applied  this  discovery  directly  to  the  animal  body.^ 
He  showed,  that  not  only  in  plants,  but  also  in  the  bodies 
of  the  most  dissimilar  animals,  these  same  cells  are  dis- 
tinguishable, under  tho  microscope,  in  all  the  tissues,  and 
that  they  form  the  actual  building  material  of  organisms. 
Ail  the  numerous  tissues  of  the  animal  body,  such  as  the 
entirely  dissimilar  tissues  of  the  nerves,  muscles,  bones, 
outer  skin,  mucous  skin,  and  of  other  similar  parts,  are 
originally  composed  of  cells;  and  the  same  is  true  of 
all  the  various  tissues  of  the  vegetable  body.  These  cells, 
which  we  shall  hereafter  consider  more  closely,  arc  inde- 
pendent living  beings,  the  citizens  of  the  state,  which  con- 
stitute the  entire  multi-cellular  ororanism.  The  knovvledoe 
of  this  most  important  fact  was,  of  coui*se,  of  direct  service 
to  the  History  of  Evolution  also,  in  that  it  raised  many 
new  questions,  chiefly  these :  What  relation  have  the  cells 
to  the  germ-layers?  Ai\)  the  germ -layers  already  com- 
posed of  cells,  and  how  are  they  related  to  the  colls  of  the 
tissues  which  afterwards  appear  ?  What  place  does  the 
egg  hold  in  the  Cell  Theory  ?     Is  it  itself  a  cell.,  or  is  it 
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composed  of  cells?  These  were  the  important  questions 
which  the  Cell  Theory  at  once  raised  in  the  study  of  Em- 
bryology. 

Several  naturalists  attempted  in  different  ways  tfi 
furaish  the  right  answers,  but  the  excellent  "  Investigations 
into  the  Evolution  of  Vertebrates,"  by  Robei*t  Remak,  of 
Berlin  (1851),  became  conclusiva  By  somewhat  remoulding 
the  Cellular  Theory  of  Schleiden  and  Schwann,  this  gifted 
naturalist  was  able  to  overcome  the  great  obstacles  which 
this  theory,  in  its  first  form,  had  placed  in  the  way  of 
Embryology.  It  is  true  that  the  anatomist,  Karl  Boguslaus 
Reichert,  of  Berlin,  had  previously  attempted  to  explain  the 
origin  of  the  tissues.  But  this  attempt  was  necessarily  a 
total  failure,  owing  to  the  fact  that  the  extraordinarily 
confused  mind  of  the  author  was  equally  destitute  of  every 
correct  idea  of  the  History  of  Evolution,  of  the  Cellular 
Theory  as  a  whole,  and  of  a  sound  view  of  the  structure 
and  development  of  tissues  in  particular.  The  inaccuracy 
of  Reichert's  observations,  and  the  falsity  of  the  conclusions 
di-awn  from  them,  is  shown  by  every  accurate  test  applied 
to  his  so-called  discoveries.  By  way  of  illustration,  it  may 
be  said  that  he  declared  the  whole  of  the  upper  grrm -layer, 
from  which  the  most  important  parts  of  the  body — brain, 
spinal  cord,  outer  skin,  and  the  like — proceed,  to  be  merely 
a  transient  "enveloping-skin"  of  the  embryo,  and  that  it 
had  nothing  to  do  with  the  formation  of  the  body  ;  that 
many  of  the  first  formations  of  the  separate  organs  did  not 
proceed  from  the  primary  germ-layera,  but  came  one  by 
one  from  the  yelk  of  the  egg,  and  joined  the  layers  after- 
ward. Reichert's  prcpostemus  embryological  labours  suc- 
oceded  in  gaining  a  passing  attention,  only  because  thcj 
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were  put  forward  with  iinusual  presumption,  and  profoRsed 
to  disprove  Baers  Theory  of  Germ-layers.  They  are 
wiitten  in  so  clumsy  and  confused  a  style,  that  no  one 
co\iId  quite  understand  them ;  but  for  this  very  reason  they 
won  the  admiration  of  many  readers,  who  supposed  that 
a  nucleus  of  profound  wisdom  was  hidden  somewhei*e  be- 
hind these  obscure  oracular  and  mysterious  sayings. 

Remak  was  tlie  first  to  throw  full  light  on  the  great 
confusion  which  Reichert  had  caused,  by  explaining,  in  the 
simplest  possible  manner,  the  evolution  of  the  tissues.  Ac- 
cording to  him,  the  egg  of  animals  is  always  a  simple 
cell,  and  the  germ-layers,  which  proceed  from  the  egg,  are 
also  composed  only  of  cells,  and  those  cells,  which  alone 
constitute  the  egg,  are  produced  in  a  very  simple  manner 
by  the  continuous  and  repeated  segmentation  or  dividing 
up  of  tlie  original  simple  egg-cell.  This  cell  divides,  or 
parts,  first  into  two,  and  then  into  four;  from  these  four 
arise  eight,  then  sixteen,  and  then  thirty-two,  and  so  on. 
Hence,  in  the  individual  evolution  of  every  animal,  as  well 
as  of  every  plant,  from  the  one  simple  cell,  constituting  the 
egg,  is  formed,  by  repeated  segmentation,  an  aggregate  of 
cells,  as  Kolliker  had  already  maintained  in  1844.  The 
cells  of  such  a  mavss  spread  themselves  ^out  flatly,  and  so 
form  into  layers,  so  that  every  one  of  these  layers  is 
originally  composed  of  but  one  kind  of  cell.  The  cells  of 
the  layers  differentiate  themselves,  or  aysumc  various  forn\s ; 
and  then  there  is  a  further  differentiation,  or,  in  other 
words,  a  division  of  labour  of  the  cells  witliin  the  layers 
themselves,  and  this  latter  differentiation  produces  all  the 
various  tissues  of  the  body. 

These  are  the  very  simple  principles  of  Histogeny,  oi 
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the  Scienco  of  tho  Evolution  of  Tissues,  as  first  elaborated 
by  Remak  and  by  KoUiker  in  this  comprehensive  sense. 
By  thus  proving  more  definitely  the  part  wiiich  the  gorui- 
layers  take  in  the  formation  of  the  various  tissues  and 
systems  of  organs,  and  applying  the  Theory  of  Kpigenesia 
to  the  cells  and  the  tissues  formed  from  them,  Reinak  raised 
the  Qcrm-layer  I'heory,  at  least  as  regards  Vertebrates,  to 
that  degree  of  perfection  in  which  we  shall  find  it  hereafter 
when  we  examine  it  in  detail  According  to  him,  the  two 
germ-layers,  of  which  the  so-called  germinal  disc,  the  first 
simple  leaf-shaped  formation  of  the  body  of  a  Vertebrate, 
is  composed,  are  soon  increased  by  another  layer,  produced 
by  the  lower  layer  separating  into  two.  These  three  have 
entirely  distinct  relations  to  the  various  tissues.  First, 
from  the  upper  layer  proceed  those  cells  which  compose  the 
outer  skin  (epidermis)  of  the  body,  together  with  the  parts 
belonging  and  necessary  to  it  (hair,  nails,  and  the  like) — 
that  is,  the  external  covering  which  envelops  the  whole 
body ;  and,  remarkable  as  it  is,  it  produces  also  the  cells 
which  constitute  the  central  nervous  system, — the  brain  and 
spinal  marrow.  Secondly,  from  the  lower  germ-layer  spring 
the  colls  which  form  the  intestinal  epithelium, — that  is  the 
whole  inner  coating  of  the  intestinal  canal  and  its  appcnd- 
v^es  (liver,  lungs,  salivary  glands,  and  the  like);  in  other 
words,  the  tissues  which  take  up  the  food  of  the  animal  body 
and  attend  to  its  digestion.  Finally,  from  the  middle  layer, 
lying  b<»twecn  these  two,  arise  all  the  other  tissues  of  the 
body  ot  the  Vertebrate ;  flesh  and  blood,  bones  and  liga- 
ments, and  the  like.  Remak  also  proved  that  the  middle 
layer,  which  he  calls  the  *'  motor-germ inative  "  layer,  again 
separates,  secondarily,  into  two  layers.     In  this  way  we  got 
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the  same  four  layers  which  Baer  had  previously  assumed. 
The  upper  part  of  the  middle  layer  after  its  cleavage 
(Baer  s  "  Flesh-stratum "),  Remak  calls  the  skin-lamella 
{Haufplatte,  or  better,  HatUfaserplatte);  it  foims  the  outer 
wall  of  the  body  (the  true  skin,  cutis  vena,  the  muscles, 
bones,  and  the  like).  The  lower  part  (Baer's  "Vascular 
stratum"),  he  calls  the  intestinal-fibrous  lamella  {Darra- 
faserpkUte) ;  it  forms  the  outer  covering  of  the  intestinal 
canal,  and  of  the  heart,  the  blood-vessels,  and  so  on. 

Based  on  the  firm  foundation  which  Remak  thus  supplied 
to  the  History  of  the  Evolution  of  the  Tissues,  or  the  science 
called  Histogeny,  numerous  investigations  of  special  points 
which  have  considerably  extended  our  information  have 
been  made.  Of  course  many  attempts  have  been  made 
to  give  much  narrower  limitations  to  Remak's  doctrines,  or 
to  remodel  them  altogether.  Reichert,  of  Berlin,  and  Wil- 
helm  His,  of  Leipsic,  have  specially  busied  themselves  to 
establish,  in  comprehensive  works,  an  entirely  new  view  of 
the  evolution  of  the  body  of  Vertebrates,  according  to  which 
the  rudiments  of  the  body  of  the  Vertebrate  does  not  consist 
solely  of  the  two  primary  germ-layers.  But  these  works, 
owing  to  their  total  lack  of  the  necessary  knowledge  of 
Comparative  Anatomy,  and  clear  knowledge  of  Ontogeny, 
and  to  the  fact  that  they  do  not  even  glance  at  Phylogeny, 
could  exert  but  a  very  transient  influence.  Only  the  total 
want  of  critical  ability  and  comprehension  of  the  real 
problems  of  the  History  of  Evolution  can  explain  the  fact 
that  many  people  for  a  time  regarded  the  strange  fancies  of 
Reichert  and  His  as  a  great  gain. 

His,  in  1868,  in  a  large  book,  on  "  The  Early  Evolution 
of  the  Chick  in  the  Egg,"  detailed  his  entirely  erroneous 
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7iewH  in  a  very  learned  form,  and  under  the  banner  of  a 
new  and  very  exact  mathematical  and  pliysical  method,  he 
lias  recently  expressed  the  same  views  in  a  general  form  in 
his  book  on  **  Our  Body  and  the  Physiological  Problem  of 
its  Origin"  (Leipsic.  1875).  As  His,  in  order  to  increase 
the  circulation  of  tlie  latter  book,  has  allowed  it  to  be 
publicly  advertised  as  "  important  to  readers  of  Haeckers 
Anthropogenic,"  I  shall  only  remark  that  my  treatise  on 
"The  Aims  and  Methods  of  the  History  of  Evolution" 
(Jena,  1875)  frees  me  from  the  necessity  of  further  answer. 
To  the  most  important  points  in  his  false  theories  I  shali 
•^fer  again.     (See  Chapter  XXIV.) 

Quite  recently,  however.  His  and  Reichert's  books  on 
Ontogeny,  which  had  previously  ranked  as  the  most  per- 
verted and  unfortunate  of  the  larger  works  on  this  science, 
have  been  far  eclipsed,  in  that  respect,  by  a  ponderous  work 
by  Alexander  Goette,  of  Strasburg,  on  the  "  History  of  the 
Evolution  0/  Bombinator  i(jneu8,  as  the  Basis  of  a  Com- 
parative Morphology  of  Vertebrates  "  (Leipsic,  1875).  This 
monograph  is  the  biggest  existing  contribution  to  the 
literature  of  Ontogeny — ^a  thick  volume  of  964-  pages,  ac- 
companied by  a  very  beautiful  folio  atlas  of  22  plates. 
These  splendid  plates,  containing  as  many  as  382  accurate 
and  very  carefully  executed  drawings,  representing  the 
history  of  the  development  of  the  Bombinator,  are  the 
result  of  years  of  incessant  labour,  and  excite  a  most 
favourable  interest  in  the  huge  work.  Unfortunately, 
however,  the  reader  who  is  induced  by  this  splendid 
picture-book  to  expect  a  Cfirresponding  degree  of  excellence 
iu  the  voluminous  text,  will  be  sadly  disappointed.  Not 
only   is  the   whole   account  must  obscure,  confused,  imd 
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contradictory,  but,  further,  the  entire  treatment  shows  that^ 
by  his  whole  scientific  education,  the  author  is  incapabk 
of  the  heavy  task.  I  should  not  pronounce  this  harsh 
judgment,  but  that  Qoette  flatters  himself  that,  as  the 
leformer  of  the  science,  he  is  about  to  place  it  on  an 
entirely  new  basis ;  and  but  that,  consequently,  he  treats 
the  great  leaders  of  the  science — Baer,  Remak,  Gegenbaur, 
and  others — in  the  most  insolent  manner,  as  naiTow-minded 
labourers  who,  "  by  reason  of  their  lack  of  knowledge  of  the 
history  of  evolution,  have  missed  their  aim."  The  following 
samples  seem  to  show  the  mode  in  which  the  new  science 
is  constituted  by  Goette :  "  Perfect  life  renders  evolution 
impossible.  The  capacity  of  evolution  in  the  mature  egg 
excludes  real  life.  Egg-cleavage  is  not  a  living  process  of 
evolution.  The  egg  neither  as  a  whole  nor  as  to  its  parts, 
neither  in  its  origin  nor  in  its  complete  state,  is  a  cell.  The 
cells  of  the  various  tissues  are  not  organisms,  are  not  organic 
individuals.  The  individuality  of  an  organism  is  only  a 
peculiar  expression  of  the  end  of  its  evolution,"  and  so  on. 

In  these  and  many  other  statements  Goette  abruptly 
upsets  the  whole  science,  as  at  present  constituted.  The 
Cell  Theory  and  the  Protoplasmic  Theory  are  rejected  as 
worthless  ;  even  Comparative  Anatomy  is,  according  to  this 
writer,  of  no  scientific  value ;  Phylogeny  is  no  science,  and 
so  on.  I  have  explained  the  most  incredible  of  Goettea 
assertions  and  hi?  most  unexampled  errors  in  my  work  on 
"The  Aims  and  Methods  of  the  History  of  Evolution" 
(Leipsic,  1875) ;  in  which  book  I  have  also  criticized  the 
views  held  by  His  and  Agassiz.  Errors  of  this  sort  are  no 
longer  possible  in  other  sciences.  Their  occurrence  in  the 
History   of  Evolution   is  explained   partly   by   the  great 
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difficulty  of  the  very  complex  task  which  lies  before  this 
science,  and  partly  by  the  insiiHicicnt  general  preparation 
possessed  by  most  of  the  more  recent  students. 

All  valuable  modern  investi<]:ations  into  Animal  Onto- 
genesis  have  only  tended  to  confirui  and  add  to  the  Theory 
of  Germ-layers  as  established  by  Baer  and  Remak.  As  tho 
raost  important  advance  made  in  this  direction,  it  is  deserv- 
ing of  mention,  that  the  same  two  primary  germ-layers, 
from  which  the  body  of  Vertebrates,  including  Man, 
develops,  have  recently  been  shown  to  exist  in  all  inver- 
tebrate animals  also,  with  the  single  exception  of  the  lowest 
group,  that  of  the  Primieval  animals  (Protozoa.)  The  dis- 
tinguished English  naturalist,  Huxley,  in  the  year  1849, 
had  already  shown  that  this  is  also  true  of  Plant-animals 
[MedtLSCc).  lie  drew  attention  to  the  fact  that  the  two 
cell-layers,  from  which  the  body  of  this  Plant-animal 
develops,  coiTcspond,  moq)hologically  as  well  as  physio- 
logically, to  the  two  primary  germ-layers  of  Vertebrates. 
The  upper  germ-layer,  from  which  the  outer  skin  and  tlic 
flesh  proceed,  he  named  Ectoderm,  or  Outer  layer;  the 
lower,  which  furins  the  organs  of  digestion  and  reproduc- 
tion, he  called  the  Ent<jdcrm,  or  Inner  layer.  But  during 
tlic  i)ast  ten  yeai^,  the  two  germ-layei*s  have  been  found  to 
exist  among  many  other  In  vertebra  tea  The  indefatigable 
Russian  zoiilogist,  Kowalevsky,  has  found  them  among 
widely  differing  groups  of  Invertebnites,  in  Worms, 
Star- animals  {I'Jchinode i-via),  Soft-lKKlicfl  animals  {Mollusca), 
Articulates  (Arthropofln),  and  the  like. 

Ill  mv  Mniioi^r.iph  (;n  tli*'  C'alcareous  Spr>n;;es,  which 
appeared  in  1«S72, 1  have  shown  that  this  same  }>air  of  primary 
germ-layers  forms  the  liasis  of  Uie  boily  of  the  Sponges,  and 
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that  they  are  to  be  regarded  as  occupying  the  same  relative 
place,  or  as  being  homologous,  throughout  all  the  various 
classes  of  animals,  from  the  Sponges  to  Man.  This  homology 
of  the  two  primary  germ-layers,  which  is  of  extraordinary 
significance,  extends  throughout  the  animal  kingdom,  with 
only  a  few  exceptions  in  the  lowest  class,  the  Primaeval 
animals  {Protozoa).  These  animals  are  of  an  exceedingly 
low  organization,  and  do  not  advance  to  the  stage  of  form- 
ing germ-layers,  and  consequently  never  form  real  tissues. 
The  whole  body  merely  consists,  either  of  a  single  cell,  as 
in  Amoebae  and  Infusoria,  or  of  a  loose  mass  of  but  slightly 
differentiated  cells,  or,  as  in  Monera,  it  does  not  even  attain 
a  form  as  high  as  that  of  a  cell.  But  from  the  egg-cell  of 
all  other  animals  two  primitive  germ-layers  fii-st  proceed, 
the  outer,  animal  layer  (Ectoderm  or  Exoderm),  and  the 
inner,  or  vegetative  layer  (Entoderm),  and  from  these  the 
various  tissues  and  organs  arise.  This  is  equally  true  of 
Sponges,  of  the  other  Plant-animals,  and  of  Worms ;  it  is  as 
true  of  Soft-bodied  animals  {MoUusca)^  Star-animals  (Echin- 
odenna)f  and  Articulates  (Arthropoda),  as  of  Vertebrates. 
All  these  animals  may  be  comprised  under  the  head  of 
Intestinal  Animals  (Metazoa),  in  distinction  from  the 
Primaeval  Animals  (Protozoa),  which  have  no  intestine. 

It  is  perhaps  more  correct  not  to  place  the  Protozoa 
among  the  true  animals  at  all,  but  to  class  them  in  the 
neutral  kingdom  of  the  Protista,  those  humblest  primaeval 
beings  which  are  neither  true  animals  nor  true  plants. 
According  to  this  view  the  Metazoa  can  alone  be  considered 
as  true  animals,  and  the  origin  from  two  primary  germ- 
layers  may  be  held  to  form  the  primary  character  of  the 
animal  kingdom. 
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In  the  lowest  forms  of  Mctazoa,  the  body  consists 
th^ughout  life  of  these  two  primary  germ-layers.  But  in 
all  higher  Intestinal  Animals,  each  of  these  forms  hy 
cleavage  two  other  layers,  so  that  the  body  is  thenceforward 
composed  of  four  secondary  germ-layers.  In  my  "  Gastnea 
Theory  "  (1873),  I  have  tried  to  show  the  general  homology 
of  these  four  layers  in  all  Metazoa,  and  I  have  pointed  out 
the  important  bearing  of  this  fact  on  the  natural  system  of 
the  animal  kingdom.^ 

But  though  the  most  important  facts  in  the  individual 
dvolution  of  the  human  and  animal  body  had  been  sufH- 
ciently  established  by  these  advances  in  Animal  Ontogeny, 
yet  the  most  difficult  task  remained, — namely,  the  discovery 
of  the  causes  by  which  the  evolution  of  organisms  and  the 
production  of  their  fonns  is  effected.  The  real  mechanical 
causes  of  individual  evolution  were  fii-st  explained  in  1859, 
in  Darwin's  work,  in  which  the  facts  of  Heredity  and 
Adaptation  were  for  the  first  time  scientifically  discussed, 
and  their  bearing  on  Ontogeny  correctly  interpreted.  Only 
by  the  Theory  of  Descent,  and  by  the  aid  of  the  laws  of 
Heredity  and  Adaptation,  are  we  really  able  to  undei*stand 
the  facts  of  individual  evolution,  and  to  explain  them  by 
efficient  causes.  This  is  the  |K)int  in  which  the  Darwinian 
Theory  is  so  important  to  tlie  History  of  the  Evolution  of 
Man  and  to  the  immediate  connection  of  the  first  pail  of 
our  science,  Germ-history,  or  Ontogeny,  with  thu  second 
part,  Tribal-history,  or  Phylojsreny. 


CHAPTER   IV. 
THE  EARLIER  HISTORY   OF  PHYLOGENY. 

Jean  Lamarck. 

rhylogeny  before  Darwin. — Origin  of  Species. — Karl  Linnaeus'  Idea  of 
Species,  and  Assent  to  Moses'  Biblical  History  of  Creation. — The 
Delnge. — Palscontology. — George  Cavier*s  Theory  of  CatiistropLes.— 
Bepeated  Terrestrial  Kevolationti,  and  Now  Creations. — Lyell's  Theory 
of  Continnity. — The  Natural  Causes  of  the  Constant  Modification 
of  the  Earth. — Snpernataral  Origin  of  Organisms. — Imnianuel  Kane's 
Dualistic  Philosophy  of  Nature. — Jean  Lamarck. — Monistio  Philosophy 
of  Nature. — The  Story  of  his  Life. — His  Philosophie  Zoologique. — First 
Scientifio  Statement  of  the  Doctrine  of  Descent.  —  Modification  of 
Organs  by  Practice  and'&abit,  in  Conjunction  with  Heredity. — Applica- 
tion  of  the  Theory  to  Man. — Descent  of  Man  from  the  Apo, — Wolfgang 
Goethe. — His  Studies  in  Natural  Science. — His  Morphology.  —  His 
Studies  of  the  "  Formation  and  Transformation  of  Organisms." — 
Goethe's  Theory  of  the  Tendent^y  to  Specific  Difterenccs  (Heredity 
and  of  Motxunorphosis  (Adaptation). 


*•  It  wonld  be  an  easy  task  to  show  that  tho  oharaoteristios  in  the  orpmi, 
ration  of  man,  on  account  of  which  the  human  species  and  races  aix* 
grouped  as  a  distinct  family,  are  all  results  of  former  changes  cf  occu- 
pation, and  of  acquired  habits,  which  hare  come  to  be  distinctive  of  indi. 
yiduals  of  his  kind.  When,  compelled  by  circumstances,  the  most  highly 
deTcloped  apes  accustomed  themselves  to  walking  erect,  they  gained 
felio  aAoend&nt  ovor  the  other  animals.      The    absolute  advantage  thej 
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anjojed,  and  the  new  requirements  imposed  on  them,  mnde  them  change 
their  mode  of  life,  which  resulted  in  the  gmcliml  modirication  of  their 
oigmnisation,  and  in  their  acquiring  many  new  qualities,  and  among  them 
the  wonderful  power  of  speech." — Jean  Lamauck  (1809). 

Those  researches  into  the  history  of  the  individual  evolution 
of  man  and  animals,  the  history  of  which  we  surveyed  in 
the  last  two  cliapters,  had  until  recently  hardly  any  other 
object  than  that  of  practically  determining  the  changes  of 
form  undergone  by  the  organism  in  the  course  of  its  growth. 
But  until  within  the  past  fifteen  years,  no  one  dared  to 
seek  for  the  causes  of  these  phenomena.  During  the  entire 
century,  from  the  year  1759,  the  date  of  the  publication  of 
WolflTs  Theoria  Generationis,  until  the  year  1859,  when 
Darwin  published  his  "Origin  of  Species,"  the  causes  of 
the  evolution  of  the  germ  remained  entirely  hidden. 
During  the  whole  century  nobody  thought  of  seriously  ex- 
amining the  real  causes  of  the  changes  of  form  which  take 
place  in  the  evolution  of  the  animal  organism.  Indeed, 
the  task  was  looked  upon  as  so  difficult  that  it  entirely 
siupassed  the  powers  of  human  comprehension.  It  was 
reserved  for  Charles  Darwin  to  declare  all  these  causes. 
We  .may  therefore  point  to  this  gifted  naturalist,  who, 
in  other  respects,  has  effected  a  complete  i-evolutioii 
throughout  the  whole  range  of  Biology,  as  the  founder  of 
A  now  era  in  the  field  of  Ontogeny  also.  It  is  tine  Uiat 
Darwin  himself  has  not  really  entered  very  doo]>ly  into 
embryological  investigations,  and  even  in  his  well-known 
chief  work  on  the  phenomena  of  individual  evc^hition  ha.s 
but  casually  touched  upon  those,  yet,  by  his  reform  of  the 
Theory  of  Descent,  and  by  constructing  what  he  has  named 
the  Theory  of  Selection,  he  hen  placed  in  our  hands  the 
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means  of  tracing  the  causes  of  the  Evolution  of  Forma  li 
seems  to  me  that  it  is  in  this  respect  that  this  great  naturalist 
has  had  such  an  extraordinary  effect  on  the  entire  subject  of 
the  History  of  Evolution. 

In  glancing,  as  we  must  now  do,  at  the  last  period,  but 
just  begun,  of  ontogenetic  research,  we  enter  at  the  same 
time  into  the  second  division  of  the  History  of  Evolu- 
tion, namely,  the  History  of  the  Descent,  or  Tribe 
(Phylogeny).  In  the  first  chapter  I  drew  attention  to 
the  exceedingly  important  and  intimate  causal  connec- 
tion which  exists  between  these  two  main  branches  of  the 
Histoiy  of  Evolution, — that  of  the  individual,  and  that  of 
Ills  ancestors.  We  stated  this  connection  in  the  funda- 
mental Law  of  Biogeny :  the  brief  Ontogeny,  or  the 
Evolution  of  the  Individual,  is  a  swift  and  contracted 
reproduction,  a  compressed  recapitulation,  of  the  Phylogeny, 
or  the  Evolution  of  the  Speciea  This  proposition  in  reality 
comprises  everything  essentially  relating  to  the  causes  of 
evolution,  and  we  shall  try  everywhere,  in  the  course  of 
these  chapters,  to  establish  it,  and  to  uphold  its  truth, 
by  adducing  actual  facts  in  proof  The  meaning  of  this 
fimdamental  Law  of  Biogeny,  in  relation  to  this  causal 
significance,  is  perhaps  yet  better  expressed  as  follows : 
"  The  evolution  of  the  species,  or  tribes  (phyla),  ccutains, 
in  the  functions  of  heredity  and  adaptation,  the  determin- 
ing cause  of  the  evolution  of  individual  organisius;"  or, 
quite  briefly:  "Phylogeny  is  the  mechanical  cause  of 
Ontogeny." 

It  is  o^ving  to  Darwin  that  we  are  now  able  to  trace 
the  causes  of  individual  evolution,  which  were  previously 
deemed  quite  uuapproachabl<^,  and  to  understand  their  real 
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nature ;  we  therefore  give  his  name  to  the  new  era  of  the 
History  of  Evolution.  But  before  considering  the  grand 
discovery  by  means  of  which  Darwin  enabled  us  to  under- 
stand the  causes  of  evolution,  we  must  glance  rapidly  at  the 
offorts  made  by  earlier  naturalists  in  the  same  direction. 
Tlio  historical  survey  of  these  endeavours  will  be  much 
shoiter  even  than  that  of  the  labours  in  the  field  of  On- 
togeny. There  are  really  but  few  names  to  be  mentioned. 
At  the  head  stands  the  great  French  naturalist,  Jean 
Lamarck,  who,  in  1809,  for  the  first  time  gave  a  scientific 
value  to  the  so-called  Theory  of  Descent  But  even  before 
this,  the  most  impoi*tant  German  philosopher,  Kant,  and 
the  greatest  German  poet,  Goethe,  had  both  entertained 
the  idea.  During  the  previous  half-century,  however,  their 
statementa  on  this  matter  remained  almost  unnoticed.  It 
was  only  in  the  commencement  of  our  century  that "  Natural 
Philosophy  "  took  up  the  question.  Previously  no  one  even 
dared  to  inquire  seriously  into  the  Origin  of  Species,  which, 
properly  speaking,  is  the  culminating  point  of  the  History 
of  Descent,  or  Phylogeny. 

The  entire  Phylogeny  of  Man,  and  also  of  other  animals, 
is  most  intimately  connected  with  the  question  as  to  the 
nature  of  species,  and  with  the  problem,  how  the  distinct 
kinds  of  animals,  which  in  systems  are  called  species,  really 
originated.  The  idea  of  species  occupies  the  foreground. 
Tlii.^  idea  was  first  presented  by  Linnajus,  who,  in  1735, 
in  his  Systcma  Natura:,  attemptetl  the  first  accurate  dis- 
criinination  and  nomenclature  uf  animal  and  vegetable 
tfpecies,  and  made  a  systematic  list  of  the  s|>ecies  then 
known.  Since  that  time  species  has  retained  its  place 
ill  descriptive  Natural  History,  in  systematic  Zo(>logy  and 


74  THE   EVOLUTION   OF  MAN. 

Botany,  as  the  most  important  collective  term,  although 
incessant  strife  has  been  waged  as  to  the  particular  meaning 
of  the  term.  Linnaeus  himself  gave  no  clear,  scientific  defi- 
nition of  the  real  nature  of  organic  kind,  or  species.  On  the 
contrary,  he  took  as  a  basis  the  mythological  views  of  this 
subject,  which  the  prevailing  religious  "  faith,"  grounded  on 
the  Mosaic  History  of  Creation,  had  introduced,  and  which 
are  even  now  very  generally  maintained.  He  even  adhered 
directly  to  the  Mosaic  History  of  Creation,  and  assumed 
that,  as  it  is  written  in  Genesis  "  male  and  female  created 
he  them,*'  there  had  originally  been  but  one  pair  of  each 
animal  and  vegetable  kind,  or  species.  He  supposed  that 
all  the  individuals  of  a  kind  were  descendants  of  tho 
original  pair  created  on  the  sixth  day  of  Creation.  Lin- 
naeus held  that  only  a  single  individual  was  created  of 
those  organisms  which  are  hermaphrodite,  that  is,  which 
unite  in  their  bodies  both  sexual  organs,  for  these  already 
possessed  in  themselves  the  qualifications  for  propagating 
their  oym  species.  In  further  developing  these  mytho- 
logical ideas,  Linnaeus  adhered  to  the  Mo.saic  account 
and  utilized  the  so-called  "  Deluge,"  and  the  myth  of  the 
ark  of  Noah  connected  with  it.  to  explain  the  choiology 
of  organisms,  the  doctrine,  that  is,  of  the  geographical  and 
topographical  distribution  of  animal  and  vegetable  species. 
In  harmony  with  Moses  he  assumed  that  all  plants,  animals, 
and  human  beings  had  been  destroyed  by  the  Deluge,  with 
the  exception  of  a  single  pair,  which  was  saved  in  the  ark 
to  peipetuate  the  species,  and  which  was  put  on  land  on 
Mount  Arai*at  after  the  waters  had  subsided.  Mount 
Ararat  seemed  to  him  specially  adapted  for  this  disembaik- 
ation.  because  it  is  in  a  warm  climate  and  rises  to  a  height 
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of  more  than  sixteen  thousand  feet,  so  that  in  its  several 
zones  of  elevation  it  possessed  all  the  climates  necessary 
for  the  preservation  of  the  various  species  of  animals.  The 
animals  used  to  a  cold  climate  could  climb  to  the  highest 
parts  of  the  mountain  ;  those  accustomed  to  a  warm  climate 
could  descend  to  the  foot ;  and  those  from  temperate  zones 
could  occupy  the  intermediate  portions.  From  this  moun- 
tain the  animal  and  vegetable  species  could  spread  anew 
over  the  face  of  the  earth.^ 

A  scientific  development  of  the  History  of  Creation  wan 
impossible  in  the  time  of  Linnaeus,  because,  among  other 
reasons,  the  science  of  petrifactions,  or  Palaeontology,  one 
of  its  principal  bases,  did  not  as  yet  exist  This  science 
of  petrifactions,  or  of  the  remains  of  extinct  animals  and 
plants,  is  most  intimately  connected  with  the  whole 
History  of  Creation.  Without  reference  to  it,  it  is  impos- 
sible to  answer  the  question  as  to  the  manner  in  which  the 
animals  and  plants  now  in  existence  came  into  being.  But 
the  knowledge  of  these  petrifactions  arose  in  much  later 
times,  and  the  real  founder  of  Palaeontology,  as  a  science, 
was  the  eminent  zoologist,  George  Cuvier,  who  followed 
Linnaeus  in  constructing  a  System  of  Animals,  and  who, 
in  the  beginning  of  this  century,  brought  about  a  com- 
plete reform  of  Systematic  Zoology.  The  influence  of  this 
celebrated  naturalist,  who  dis[)layed  an  especially  great 
power  with  extraordinary  results  during  the  tii*st  thirty 
years  of  this  century,  was  so  great  that  he  opened  new 
I^atlis  in  almost  every  branch  of  Zoology,  but  especially  in 
Classification,  Comparative  Anatomy,  and  ralajontulogy. 
It  is,  therefore,  important  to  glance  at  his  views  of  the 
nature  of  species.     In  this  respect  he  foilowetl  Linnaeus  and 
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the  Mosaic  account  of  Creation,  though  it  was  very  difficnU 
for  him  to  do  so,  on  account  of  the  knowledge  which  he  had 
of  fossil  animal  forms.  He  was  the  first  to  show  clearly 
that  a  number  of  totally  different  series  of  inhabitants  had 
lived  on  our  globe.  He  also  showed  that  we  must  dis- 
tinguish at  least  ten  or  fifteen  different  main  periods  in  the 
history  of  the  earth,  each  of  which  exhibits  a  series  of 
animals  and  plants  of  its  own,  peculiar  to  itself. 

Of  course,  Cuvier  was  at  once  confronted  with  the  ques- 
tion, whence  these  various  series  of  inhabitants  had  come, 
and  whether  they  had  any  connection  with  each  other. 
He  answered  this  question  negatively,  and  maintained  that 
these  several  "  creations  *'  were  totally  independent  of  each 
other ;  hence,  that  the  supernatural  act  of  creation  by  which, 
according  to  the  received  account  of  creation,  the  animal 
and  vegetable  species  came  into  being,  was  repeated  several 
times.  Consequently,  a  series  of  quite  distinct  periods  of 
creation  must  have  followed  one  another,  and  in  connection 
with  them  there  must  have  occurred  several  vast  alterations 
of  thewhole  surface  of  the  earth, — revolutions  and  cataclysms 
similar  to  the  mythical  Flood.  These  catastrophes  and 
upheavals  were  favourite  subjects  with  Cuvier  ;  especially 
as  at  that  time  the  science  of  geology  was  also  beginning 
to  move  greatly,  and  made  rapid  progress  towards  a  know- 
ledge of  the  structure  and  origin  of  the  earth.  Others, 
especially  the  geologist  Werner  and  his  school,  were  occupied 
in  carefully  examining  the  various  layers  of  the  crust  of  the 
earth,  and  systematically  investigating  the  fossils  found 
in  these.  The  result  of  their  researches  also  was  the  recoff- 
nition  of  several  periods  of  creation.  The  inorganic  crust 
of  the  earth,  the  stratified  surface,  bore  evidence  of  having 
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been  just  as  diflbrent  at  every  period  as  were  the  animals 
and  plants  then  inhabiting  it  Combining  this  view  with  the 
results  of  his  own  palreontological  and  zoological  researches, 
and  striving  to  understand  clearly  the  whole  course  of  the 
evolution  of  Creation,  Cuvier  arrived  at  the  hypothesis 
usually  called  the  Theory  of  Cataclysms  or  Catastrophes,  or 
the  Doctrine  of  Violent  Upheavals.  According  to  it  several 
revolutions  occurred  on  our  earth  at  certain  times,  suddenly 
destroying  every  living  inhabitant ;  and  at  the  end  of  each 
of  these  catastrophes  an  entirely  new  creation  of  organisms 
took  place.  But  as  the  latter  cannot  be  conceived  as 
having  been  effected  wholly  by  natural  means,  we  must 
suppose,  in  explanation,  that  the  Creator  supematurally 
interfered  in  the  natural  course  of  things.  This  Doctrine  of 
Revolutions,  treated  by  Cuvier  in  a  separate  work,  which 
has  been  translated  into  several  modern  languages,  was 
soon  generally  accepted,  and  for  half  a  century  continued 
to  prevail  among  biologists ;  there  are  even  yet  a  few 
prominent  naturalists  who  advocate  it. 

It  is  true  that  more  than  forty  years  ago  Cuviers 
Doctrine  of  Catastrophes  was  altogether  renounced  by 
geologists ;  and  first  of  all  by  the  English  geologist,  Charles 
Lyell,  the  most  important  authority  in  this  branch  of 
natural  science.  As  early  as  the  year  1830,  in  his  famous 
"Principles  of  Geology,"  he  proved  that  that  doctrine  is 
utterly  fabe  so  far  as  the  crust  of  the  earth  itself  is  con- 
cerned ;  and  he  showed  that  in  order  to  explain  the  structure 
and  evolution  of  mountains,  there  is  no  need  of  havinir  re- 
course  to  supernatural  causes  or  universal  catastrophes.  On 
the  contrary,  the  ordinary  causes  which  even  now  unceasingly 
effect  the  transformation  and  reconstruction  of  the  eartii,  are 
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amply  sufficient  to  explain  these  phenomena.  These  causes 
are:  atmospheric  influences;  water  in  its  various  forms — 
such  as  snow  and  ice,  fog  and  rain,  the  running  stream 
and  the  surging  sea;  and  finally,  the  volcanic  phenomena 
contributed  by  the  hot  liquid  mass  in  the  interior  of  the 
earth.  The  most  convincing  proof  was  furnished  by  Lyell, 
that  these  natural  causes  arc  quite  sufficient  to  explain  all  the 
phenomena  of  the  structure  and  development  of  the  crust 
of  the  earth.  The  geological  teaching  of  Cuvier  as  to  the 
revolutions  and  new  creations  was,  therefore,  soon  totally 
abandoned,  but  in  Biology  the  doctrine  prevailed  unopposed 
for  thirty  years  longer.  Zoologists  and  botanists,  as  far  as 
they  at  all  permitted  themselves  to  think  on  the  origin  of 
organisms,  adhered  to  Cuvier's  false  doctrine  of  repeated 
new  creations  and  re-foinnations  of  the  earth.  This  is  cer- 
tainly one  of  the  most  curious  examples  of  two  closely 
related  sciences  long  pursuing  utterly  divergent  courses. 
One — Biology — remains  far  behind  in  the  dualistic  path, 
and  even  denies  the  possibility  of  solving  "questions  of 
creation  "  by  the  study  of  natural  phenomena.  The  other — 
Geology — moves  far  ahead  in  the  monistic  path,  and  solves 
those  very  questions  by  the  -discovery  of  the  actual  causea 

As  an  instance  how  utterly  biologists  refrained  from  in- 
quiries into  the  origin  of  organisms,  and  the  creation  of  the 
animal  and  vegetable  species,  during  this  period  from  1830 
to  1859,  I  mention,  from  my  own  experience,  the  fact  that 
during  all  the  whole  course  of  my  studies  at  the  university, 
I  never  heard  a  single  word  on  these  most  important  and 
fundamental  questions  of  biology.  During  this  time,  from 
1852  to  1857, 1  had  the  good  fortune  to  listen  to  the  most 
distinguished  teachers  in  all  branches  of  the  science  of 
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organic  nature;  but  not  one  of  them  ever  spoke  of  this 
fundamental  point,  or  even  once  alluded  to  the  question  of 
the  origin  of  species.  Not  a  word  was  ever  spoken  in 
reference  to  the  earlier  attempts  toward  understanding  the 
origin  of  the  animal  and  vegetable  species;  it  was  nevoi 
thought  worth  while  to  allude  to  Lamarck's  valuable 
riiilosophie  Zoologique,  in  which  that  attempt  had  been 
made  in  the  year  1809.  The  enormous  opposition  which 
Darwin  met  with  when  he  first  took  up  this  question 
again  may,  therefore,  be  understood.  His  attempt  seemed 
at  first  to  be  unsubstantial  and  unsup(>orted  by  previous 
labours.  Even  in  1859  the  entire  problem  of  creation,  the 
whole  question  of  the  origin  of  organisms,  was  considered 
by  biologists  as  supernatural  and  transcendental  Even  in 
speculative  philosophy,  in  which  this  question  should 
necessarily  be  ai>prdached  from  various  sides,  no  one  dared 
to  take  it  seriously  in  hand. 

The  dualistic  position  taken  by  Immanuel  Kant,  and  the 
extraordinary  impoilance  attached,  during  the  whole  of  this 
century,  to  this  most  influential  of  modern  philosophers, 
probably  offer  the  best  explanation  of  the  last-mentioned 
fact.  For  while  this  great  genius,  e<iually  excellent  &s  a 
naturalist  and  a  philosopher,  in  the  field  of  inorganic  nature 
aided  essentially  in  constructing  a  '*  Natural  History  of 
Creation,"  he  for  the  most  part  adopte<i  the  supernatural 
view  of  the  origin  of  oi^nism.s.  On  the  one  hand,  Kant, 
in  bis  "  Universal  History  of  Nature  and  Theory  of 
Uie  Heavens,"  made  a  most  successful  and  important  "at- 
tempt to  treat  the  constitution  and  the  mechanical  origin 
of  the  entire  universe  according  to  Newtonian  principles," 
or,  in   other  words,  to   treat  it  mechanically,  to  conceive 
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it  monistically :    and  this  attempt  of  his  to   explain  the 

origin  of  the  entire  world  by  means  of  naturally  working 

causes  {causae  efficientes),  forms   to  this   day  the  basis  of 

all  our  natural  cosmogony.     But,  on  the  other  hand,  Kant 

maintained  that  the  "principle  of  the  mechanism  of  nature 

here  applied,  without  which,  after  all,  there   could  be  no 

science  of  nature,"  was  wholly  inadequate  to  explain  the 

phenomena  of  organic  nature,  and  especially  the  origin  of 

organisms;  that  i^  ^^  necessary  to  assume  supernatural 

causes  effecting  a  design  (eausce  firialea)  for  the  origm  of 

these  natural  bodies  constructed  with  design.     Indeed,  he 

even  went  so  far  as  to  assei*t   that  "it  is  quite  certain 

we  cannot  become  adequately  acquainted  with   organized 

beings,  and  their  inner  possibilities,  by  purely  mechanical 

principles   of  nature,   much   less   are  we  able  to  explain 

them  ;  and  that  this  is  so  much  the  case  that  we  may  boldly 

assert  that  it  is  not  rational  for  man  even  to  enter  upon 

such  speculations,   or  to  expect  that  a  Newton  will  ever 

arise    who,  by  natural   laws   not   ordered  by  design,   can 

render  the  production  of  a  blade  of  grass  intelligible ;   in 

fact,  wc  are  compelled  utterly  to  deny  that  it  is  possible 

for  man  ever  to  reach  such  knowledge."     In  these  words 

Kant  most  definitely  declared  the  dualistic  and  teloologieal 

standpoint   which    he   adopted   in   the  science   of  ori;anic 

Jiature. 

Kant  sometimes,  however,  departed  from  this  stand- 
point, especially  in  some  very  remarkable  passages  which 
I  have  discussed  at  some  length  in  the  fifth  chapter  of  my 
"  History  of  Creation,"  in  which  he  has  expressed  himself 
in  quite  the  opposite,  or  monistic  sense.  With  reference  te 
these  passages^  as  I  there  allowed,  he  might  even  be  declared 
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an  adherent  of  the  Theory  of  Descent.  Seveiul  very  sig- 
nificant expressions,  to  which  Fritz  Schultze,  in  his  interest- 
ing work  on  "  Kant  and  Darwin,*"  has  lately  again  called 
attention,  actually  enable  us  to  recognize  Kant*^  as  the 
earliest  prophet  of  Darwinism.  He  expresses  with  perfect 
cloaiTiess  the  great  idea  of  an  all-embracing,  uniform  evolu- 
tion ;  he  assumes  "  a  variation  from  the  primitive  type  of 
the  tribe  as  the  result  of  natural  wandering."  He  even 
declares  that  man  originally  moved  on  four  feet,  and  that 
it  was  only  gradually  that  the  human  race  raised  their 
heads  proudly  over  those  of  their  old  comindes,  the  beasts. 
But  all  these  evidently  monistic  utterances  are  but  stray 
rays  of  light;  as  a  rule  Kant  adhered  in  Biology  to 
those  obscure  dualistic  notions  according  to  which  the 
powers  which  operate  in  organic  nature  are  entirely 
different  from  those  which  prevail  in  the  inorganic  world 
This  dualistic,  or  two-sided  conception  of  nature  is  still 
dominant  in  school-philosophy ;  most  philosophers  still 
consider  these  two  domains  of  natural  phenomena  as 
entirely  different  On  one  side  is  the  field  of  inorganic 
nature,  the  so-called  "inanimate"  worl<l,  where  only 
mechanical  laws  (causcc  ejjicientcn)  aix;  supposcnl  to  i»[M'ratc, 
of  necessity  and  without  purpo.se.  On  the  other  .si«lr  is 
the  field  of  *'  animated"  orgiuiic  natuix),  all  the  phenomena 
of  which  in  their  profoundest  essence  and  fii*st  origin  can 
be  made  intelligible  only  by  a.s.suniiug  pre-oidaincd  pur- 
poses, or  so-called  {aitaiOB  jinaUs)  causes  fultilling  a  design. 

Although  the  question  of  tlie  origin  of  animal  and 
Tcgetable  sjiccies,  arul  tin*  alli«'d  qnrstinn  as  to  i]w  orratiitn 
of  man,  remained  until  the  year  1S50  umicr  the  .sway  ot 
these  false  dualistic   prejudices,  and  were   very  generally 
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declared  to  be  a  subject  beyond  the  reach  of  scientific 
knowledge,  yet  even  in  the  bt^ginning  of  our  century  thei^ 
were  independent  eminent  minds,  who,  undeterred  by  the 
prevailing  doctrines,  took  these  questions  quite  seriously  in 
hand.  The  so-called  earlier  school  of  Natural  Philosophy, 
which  has  so  often  been  abused,  deserves  the  highest  praise 
in  this  respect.  It  was  represented  in  France  by  Jean 
Lamarck,  Buffon,  GeofTroy  St.  Hilaire,  and  Ducrotay  Blain- 
ville ;  in  Germany,  by  Wolfgang  Goethe,  Reinhold  Trevi- 
ranus,  Schelling,  and  Lorenz  Oken. 

The  gifted  naturalist  and  philosopher  who  must  here 
be  mentioned  first,  is  Jean  Lamarck.  He  was  born  at 
Bazentin,  in  Picardy,  August  1,  1744,  and  was  the  son  of 
a  clergyman  who  destined  him  for  the  Church.  He,  how- 
ever, fii*st  joined  the  army,  and  as  a  boy  of  sixteen  dis- 
tinguished himself  by  his  braverj'  in  the  battle  of  Lippstadt 
in  Westphalia,  which  resulted  unfavourably  for  the  French. 
He  was  then  stationed  for  several  years  in  a  garrison  in 
the  south  of  France.  Here  he  became  acquainted  with 
the  interesting  flora  on  the  Mediterranean  coast,  which 
soon  won  him  over  to  the  study  of  botany.  He  resigned 
his  commission,  and  published,  as  early  as  the  year  1778, 
his  valuable  Flore  Fran^aise.  For  yeai-s  he  could  gain  no 
scientific  position.  It  was  only  in  his  fiftieth  year,  in  1794, 
that  he  obtained  a  poor  professorship  of  zoology  at  the 
museum  of  the  Jar  din  de  Plantcs  in  Paris.  His  position 
caused  him  to  enter  more  deeply  into  the  study  of  zoology, 
towaids  the  classification  of  which  his  labours  were  as 
valuable  and  im[)ortant  as  those  which  he  had  dedicated 
to  systematic  l>otany.  lu  1802  he  published  his  Consicleror- 
tions  8ur  Ics  corps  vivants,  which  contains  the  first  genns  of 
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his  Theory  of  Descent  In  1809  appeared  the  important 
PhiLosopkie  Zoologique,  the  principal  work  in  which  he 
elaborated  this  theory.  In  1815  he  gave  to  the  world  his 
coznprchensive  treatise  on  the  Natural  History  of  Inver- 
tebrates {Ilistoire  natarelU  des  animaux  savs  vertibrea), 
in  the  Introduction  to  which  the  same  theory  is  again 
develoi>ed.  About  this  time  Lamarck  entirely  lost  his  eye- 
sight. Grudging  fate  never  favoured  him.  While  his 
principal  opponent,  Cuvier,  was  lucky  enough  to  gain  an 
influential  position  and  the  highest  rank  of  scientific  fame 
in  Paris,  Lamarck,  who  far  surpassed  Cuvier  iu  clear  and 
high-minded  conception  of  nature,  was  obliged  to  struggle 
in  lonely  seclusion  for  the  very  necessaries  of  life,  and  could 
obtain  no  recognition.  In  1829  his  laborious  life  closed  in 
the  midst  of  the  most  needy  circnmstancea* 

Lamarck's  Philosophic  Zoologique  was  the  first  scientific 
outline  of  a  real  history  of  the  evolution  of  SjKJcics,  a 
natural  history  of  the  creation  of  plants,  animals,  and 
men.  The  effect  produced  by  this  remarkable  and  im- 
portant book  was,  like  that  of  Wollfs,  none  :  neither  was 
understood.  No  naturalist  felt  called  upon  to  interest  him- 
self seriously  in  this  book,  and  to  forward  the  development 
of  the  rudiments  of  the  most  valuable  progress  in  liiology 
which  it  laid  down.  The  most  eminent  U^tanists  and 
zoologists  threw  the  book  entirely  aside,  and  did  not  con- 
sider it  worth  refuting.  Cuvier,  who  taught  an<l  lal>oured 
in  Paris  as  a  contemporary  of  Lamarck,  in  his  a<  count  of 
the  progress  made  in  Natural  Science,  in  which  the  most 
insignificant  observations  woi^  meiitionrd,  did  not  <leem  it 
worth  while  to  devote  a  syllable  to  tlii.s  tin*  ;,'ivatest  .a<lvance. 
In  shorty  I^marcks  Zoological  Philosophy  shared  the  fato 
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of  WolfTb  Theory  of  Evolution,  and  was  ignored  for  half  a 
century.  Even  Oken  and  Goethe,  the  German  natural 
philosophers,  who  were  simultaneously  employed  in  similar 
s|^eculations,  do  not  appear  to  have  been  aware  of  Lamarck's 
work.  Had  they  known  it,  it  would  have  been  a  great 
help  to  them,  and  they  would  have  worked  out  the  Theory 
of  Evolution  to  a  point  beyond  that  which  was  otherwise 
possible  to  them. 

To  enable  my  readers  to  judge  of  the  great  value  of  the 
PhUosophie  Zoologique,  I  shall  here  briefly  mention  some  of 
the  most  important  of  Lamarck's  ideaa  According  to  him. 
there  is  no  essential  difference  between  animate  and  inani- 
mate nature;  all  nature  is  a  single  world  of  connected 
phenomena,  and  the  same  causes  which  form  and  trans- 
form inanimate  natural  bodies  are  alone  those  which  are  at 
work  in  animate  nature.  Hence,  we  must  apply  the  same 
methods  of  investigation  and  explanation  to  both.  Life  is 
only  a  physical  phenomenon.  The  conditions  of  internal 
and  external  form  of  all  organisms — plants  and  animals, 
with  man  at  their  head — are  to  be  explained,  like  those  of 
minerals  and  other  inanimate  natural  bodies,  only  by 
natural  causes  {causae  effici^ntcs),  without  the  addition  of 
purposive  causes  {causa}  finales).  The  same  is  true  of  the 
origin  of  the  various  species.  Without  contradicting  nature, 
AC  can  neither  assume  for  them  one  original  act  of  crea- 
tion, nor  repeated  new  creations  as  implied  in  Cuviers 
Doctrine  of  Catastrophes, — but  only  a  natural,  uninterrupted, 
and  necessary  evolution.  The  entire  course  of  the  evolu- 
tion of  the  earth  and  its  inhabitants  is  continuous  and 
connected.  All  the  various  species  of  animals  and  plants 
which  we  now  see  around  us,  or  which  ever  existed^  have 
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developed  iu  a  natural  manner  from  previously  existing, 
diflerent  species ;  all  are  descendants  of  a  single  ancestml 
form,  or  at  least  of  a  few  common  forms.  The  most  ancient 
ancestral  forms  must  have  been  very  simple  organisms  of 
the  lowest  gituie,  and  must  have  originated  from  inorganic 
matter  by  means  of  spontaneous  generation.  Adaptation 
through  practice  and  habit,  to  the  changing  external  condi- 
tions of  life,  lias  ever  been  the  cause  of  changes  in  the  nature 
of  organic  species,  and  Heredity  caused  the  transmission  of 
these  modifications  to  their  descendants. 

These  are  the  principal  outlines  of  the  theory  of 
Lamarck,  now  called  the  Theory  of  Descent  or  Transmuta- 
tion, and  to  which,  fifty  years  later,  attention  was  again 
called  by  Darwin,  who  firmly  supported  it  with  new  proofs. 
Lamarck,  therefore,  is  the  real  founder  of  this  Theory  of 
Descent  or  Transmutation,  and  it  is  a  mistake  to  attribute 
ita  origin  to  Darwin.  Lamarck  was  the  first  to  formulate 
the  scientific  theoiy  of  the  natural  origin  of  all  organisms, 
including  man,  and  at  the  same  time  to  draw  the  two  ulti- 
mate inferences  from  this  theory;  firstly,  the  doctrine  of 
the  origin  of  the  most  ancient  organisms  through  spon- 
taneous generation ;  and  secondly,  the  descent  of  Man 
from  the  Mammal  most  closely  resembling  Man — the  A|h». 

Lamarck  attempted  to  explain  the  latter  process,  a  UKKst 
important  one,  and  of  special  iiiti*rest  to  us  here,  by  the 
0amo  efficient  causes  to  which  he  had  also  referred  tho 
natural  origin  of  animal  and  vegetable  spcciea  He  con 
sidered  that,  on  the  one  hand,  practice  and  habit  (Adapta- 
tion), and,  on  the  other,  Heredity,  are  the  most  im{>ortant 
of  these  causes.  The  chief  modifications  of  the  onrana 
of  animaU  and  plants  result,  according  to   him,  from  thd 
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functions  or  actions  of  the  organs  themselves,  from  the 
exercise  or  absence  of  exercise,  the  use  or  disuse  of  these 
organs.  To  mention  examples,  the  Woodpecker  and  the 
Humming-bird  owe  their  peculiarly  long  tongue  to  their 
habit  of  using  these  organs  to  take  their  food  out  of 
narrow  and  deep  crevices;  the  Frog  acquired  a  web  between 
its  toes  from  the  motions  of  swimming;  the  Giraffe  gained 
its  long  neck  by  stretching  it  up  to  the  branches  of  trees. 
Habits,  the  use  and  disuse  of  organs,  are  certainly  of  the 
greatest  importance  as  efficient  causes  of  organic  form ;  but 
they  are  insufficient  to  explain  the  modification  of  species. 
As  a  second  and  equally  important  cause,  Lamarck  fully 
perceived  that  Heredity  must  necessarily  co-operate  with 
Adaptation.  He  maintained  that  the  variations  of  organs 
arising  from  habit  or  use  are  in  themselves  at  first  but 
insignificant  in  each  separate  individual ;  but  that  by  the 
accumulation  of  the  effects  produced  in  each  individual, 
ti*ansmitted  from  generation  to  generation  in  an  ever  increas- 
ing number,  they  become  very  significant.  This  was  quite 
a  correct  fundamental  idea ;  but  Lamarck  did  not  reach  the 
principle  which  Dai-win  subsequently  introduced  as  the 
most  impoiiant  factor  in  the  Theory  of  Transmutation, 
namely,  the  principle  of  Natural  Selection  in  the  Struggle 
for  Existenca  Lamarck  failed  to  discover  this  most  im- 
portant causal  relation,  and  this,  together  with  the  low 
condition  of  all  biological  sciences  at  that  time,  prevented 
!\im  from  more  firmly  establishing  his  theory  of  the  common 
descent  of  animals  and  man. 

Lamarck  also  attempted  to  explain  the  evolution  of  Man 
from  the  Ape,  as  principally  due  to  the  progress  made  by 
the  Ape  in  its  habits  of  life,  the  further  development  and 
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increased  use  of  its  organs,  and  to  the  fact  that  it  trans- 
mitted the  improvements  thus  acquired  to  its  descend- 
ants. Lamarck  considered  the  most  important  of  these  ad- 
vantageous variations  to  be  the  erect  gait  of  Man,  the  differ- 
ing form  of  the  hands  and  feet,  the  growth  of  language, 
and  the  correlative  higher  development  of  the  brain.  He 
assumed  that  the  Apes  most  closely  akin  to  Man,  those 
which  became  the  ancestors  of  mankind,  made  the  first 
step  toward  becoming  human  when  they  gave  up  the  habit 
of  climbing  and  living  on  trees,  and  accustomed  themselves 
to  an  upright  gait.  This  resulted  in  the  carriage  peculiar 
to  Man  and  in  the  reconstruction  of  the  spinal  column  and 
pelvis,  as  well  as  in  the  specialization  of  the  two  pairs  of  limbs 
— the  fore  pair  developing  into  hands  for  the  purpose  of 
grasping  and  touching,  while  the  hind  pair  were  used  only 
for  walking,  and  thus  developed  into  true  feet.  In  con- 
sequence of  the  totally  changed  mode  of  life  and  of  the 
correlation  and  interrelation  of  the  various  parts  of  the 
body  and  their  functions,  impoiiant  changes  occurred  also 
in  other  organs  and  their  functions.  The  change  of  food, 
for  example,  caused  a  change  in  the  jaws  and  teeth,  and, 
consequently,  in  the  entire  formation  of  the  face.  The  tail, 
no  longer  used,  gi*adually  disappeared.  As  thcr.c  Ap«»s  lived 
together  in  societies  and  acquired  regulatrd  family  relations, 
such  as  are  still  found  among  the  higher  classes  of  Ai>es,  the 
social  habits,  or  so-called  "social  instincts,"  were  es|»ecially 
developed.  The  Ape's  language  of  mere  sounds  grew  into 
the  word-language  of  ilan,  and  abstract  ideas  w^ere  accu- 
mulated from  concrete  impressions.  The  brain  gradually 
developed  in  correlation  with  the  larynx  ;  the  organ  of  the 
mind  in  interrelation  with  that  of  speech.    These  impoitant 
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ideas  of  Lamarck  contain  the  first  and  oldest  genas  of  a 
real  history  of  the  human  tribe. 

Toward  the  end  of  the  preceding  and  the  beginning 
of  this  century,  the  great  poet  Goethe,  whose  genius 
was  of  the  highest  order,  busied  himself,  independently  of 
Lamarck,  with  the  problem  of  creation,  and  his  thoughts 
on  this  subject  are  of  special  interest  It  is  well  known 
that  Goethe's  ready  recognition  of  all  the  beauties  of 
Nature,  and  his  deep  insight  into  her  •  workings,  early 
attracted  him  to  natural  scientific  studies  of  the  most 
various  kinds.  Throughout  his  life  these  formed  the 
favourite  occupation  of  his  leisure  hours.  The  theory  of 
colours  especially  resulted  in  his  well-known  and  compre- 
hensive work  on  this  subject ;  but  the  most  valuable  and 
important  of  Goethe's  natural  scientific  studies  are  those  in 
connection  with  organic  bodies,  with  "  Life,  that  splendid, 
priceless  thing."  In  Morphology,  the  doctrine  of  forms, 
he  made  most  unusually  deep  researches.  Aided  by  Com- 
parative Anatomy,  he  obtained  most  brilliant  results  in 
this,  and  went  far  in  advance  of  his  time.  His  cranial 
theory,  his  discovery  of  the  temporal  jawbone  in  man,  and 
his  doctrine  of  the  metamorphosis  of  plants,  must  be  espe- 
cially mentioned  hera®  These  morphological  studies  led 
Goethe  to  make  those  researches  into  the  formation  and 
transformation  of  organisms  which  we  must  rank,  after  those 
of  Lamarck,  among  the  oldest  and  profoundest  rudiments 
of  phylogenetical  science.  He  came  so  near  the  Theory  of 
Descent  that  he  must  be  classed  with  Lamarck  among  the 
founders  of  it.  It  is  true  that  Goethe  has  nowhere  given 
a  connected  scientific  exposition  of  his  theory  of  evolution ; 
but  bis  brilliant  miscellaneous  writings/' i^  Morphologic,'^ 
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abound  in  most  excellent  ideas.  Some  of  them  may  indeed 
be  called  the  rudiments  of  the  Theory  of  Descent  In 
proof  of  this  it  is  sufficient  to  adduce  some  of  his  most 
remarkable  propositions.  He  says :  "  This,  then,  is  what  wc 
have  gained,  fearlessly  to  assert  that  the  more  perfect  natural 
organisms,  such  as  Fishes,  Amphibia,  Birds,  Mammals,  and 
Man  at  the  head  of  the  last,  have  been  formed  after  one 
primordial  type,  the  very  permanent  parts  of  which  only 
vary  a  little  one  way  or  another,  and  which  in  the  course 
of  reproduction  is  still  being  remoulded  and  perfected" 
(179G).  This  "  primordial  type  "  of  Vcrtebi^tes,  after  which 
Man  also  has  been  shaped,  answers  to  what  we  call  **  the 
common  ancestral  form  of  the  vertebrate  tribe,"  and  from 
which  all  the  various  species  of  Vertebrates  have  arisen  by 
constant  "development,  variation,  and  reproduction.**  In 
another  passage  Goethe  says  (1807) :  "Plants  and  animals, 
regarded  in  their  most  imperfect  condition,  are  hardly  dis- 
tinguishable. Tliis  much,  however,  we  may  say,  that  from 
a  condition  in  which  plant  is  hardly  to  be  distinguished 
from  animal,  creatures  have  appeared,  gradually  perfecting 
themselves  in  two  opposite  directions, — the  plant  is  finally 
glorified  into  the  tree,  enduring  and  motionless,  the  animal 
into  the  human  being,  of  the  highest  mobility  and  free- 
dom." 

That  Goethe,  in  these  and  other  utterances,  did  not 
c«])cak  merely  figuratively,  that  he  grasped  the  internal 
Isolation  and  connection  of  organic  forms  in  a  genealogical 
senoe,  is  yet  more  evident  in  remarkable  separate  passages  in 
^^hich  he  declares  himself  as  to  the  causes  of  the  external 
multiplicity  of  species,  on  the  one  hand,  and  of  the  internal 
unity  of  their  structure  on  the  other,     lie  assumed  that 
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every  organism  is  the  product  of  the  co-operation  of  two 
contrary  constructive  forces,  or  formative  tendencies.  One, 
the  internal  formative  tendency,  "the  centripetal  force,"  is 
that  of  the  type,  or  "the  tendency  towaixi  specification," 
which  constantly  aims  at  maintaining  uniform  the  organic 
forms  of  the  species  in  the  series  of  generations.  This  is 
Heredity.  The  other,  the  external  formative  tendency, 
"  the  centrifugal  force,"  is  variation,  or  "  the  tendency 
toward  metamorphosis,"  which  acts,  through  the  continual 
changes  made  in  the  external  conditions  of  their  existence, 
so  as  continually  to  vary  the  species.  This  is  Adapta- 
tion. 

In  this  significant  conception,  Goethe  very  nearly  con- 
ceived the  two  great  mechanical  factors.  Heredity  and  Adap- 
tation, which  are,  we  assert,  the  most  important  efficient 
causes  of  the  formation  of  species.  For  example,  he  says, 
that  "at  the  foundation  of  all  organization  there  is  an 
original  intrinsic  kinship **  (which  is  Heredity) ;  "the  variety 
of  forms,  however,  is  due  to  the  conditions  of  relation 
necessarily  held  to  the  external  world,  on  account  of  which 
we  may  properly  assume,  for  the  purpose  of  explaining  the 
present  forms,  which  are  both  varied  and  unvaried,  that 
there  was  divci*sity,  originally  and  simultaneously,  and  that 
a  progressive  transformation  is  continually  going  on " 
(wliich  is  Adaptation). 

In  order  rightly  to  appreciate  Goethe's  morphological 
views  it  is,  however,  necessary  to  grasp  the  connection 
between  the  whole  peculiar  course  of  his  monistic  study  of 
nature  and  his  pantheistic  conception  of  the  world  Most 
significant  in  this  respect  is  the  lively  and  warm  interest 
with   which   he  followed  the    efforts  which    the    French 
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natural  philosophers  were  making  in  the  same  direction, 
and  especially  the  contest  between  Cuvier  and  Geoflroy  St. 
Hilairo.  (Sec  Cliapter  IV.  in  "History  of  Creation/*)  It 
13  also  necessary  to  be  in  some  dngree  master  of  Goethe's 
language  and  his  process  of  thought,  befoixi  it  is  possible 
rightly  to  understand  the  many  expressions,  often  incidental, 
which  refer  to  the  doctrine  of  descent.  He  who  docs  not 
know  the  great  poet  and  thinker  as  a  whole,  may  possibly 
even  construe  these  very  expressions  in  a  contrary  sense. 

In  proof  of  this  I  adduce  the  strange  fact  that  two 
second-i-ate  German  zoologists  have  recently  discovered 
that  Goethe  was  an  extremely  narrow-minded  naturalist 
and  a  "willing  adherent  of  the  doctrine  of  constancy  of 
species."  Karl  Semper,  the  gifted  discoverer  of  "  Ilaeckelism 
in  Zoology,"  and  Robby  Kossman,  the  ingenious  "  Solver  of 
the  Rhizo-cephalic  Problem,"  have  extracted  from  Goethe's 
morphological  writings  tliat  the  latter  needy  Frankfort 
geniuses  had  neither  a  clear  conception  of  the  whole  sig- 
nificance of  organic  forms,  nor  the  faintest  idea  of  the 
natural  evolution  of  these  forms,  and  of  their  connection 
by  common  descent.  All  w^ho  know  tlie  poor  anrl  narrow- 
minded  literary  productions  of  Semper  and  Kossman  mu.st 
smile  at  the  sentence  of  annihilation  thus  pronounced  on 
Goethe's  conception  of  nature. 

Notwithstanding    the    condemnation    by    those    great 

students  of  animal  life,  the  rest  of  the  world  may  continue 

to  admire  Goethe  as  a  true  jirophot  of  the  thoopy  of  descent 

The  numerous  sentences  which  I  have  prefixed,  as  mottos 

to    the    chapters    of    the    GenerclU   Morjthobjijir,    clearly 

show  how  far  Goethe  had  advanced  in  his  conception  of 

the  ionaie  genealogical  connection  of  the  diverse  origan ic 
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forms.  At  the  end  of  the  last  centnry  he  so  nearly  grasped 
the  principles  of  natural  tribal  history,  that  we  are  justified 
in  regarding  him  as  one  of  the  earliest  forerunners  of 
Darwin,  altliough,  unlike  Lamarck,  he  did  not  formulat^^ 
U\e  Theory  of  Desoeat  in  a  scientific  system. 


CHAPTER   V. 
MODERN   PHY LOO EN Y. 

CUARLVS   DaKWIN. 

Brlatiaa  of  Modem  to  Earlier  Phjlogcny. — Charles  Dni-Tvin*8  Work  on  tba 
Origin  of  Specica. — Cansot  of  its  Remarkable  Socce&s. — The  Tboorj  of 
Selection  :  the  Interrelation  of  Uereditary  TransmiMion  and  Adaptatiun 
in  the  Stmggle  for  Existence. — Darwin's  Life  nnd  Vo\a;ro  Uontid  the 
World. — His  Grandfather,  Erasmus  Darwin.—  diaries  Darwin's  8tudj 
of  Domestic  Animals  and  Plants. — Comparison  of  Artificial  with 
Natural  Conditions  of  Breeding. — I'he  Struggle  for  Existence. — Ncces- 
■arj  Application  of  the  Tbeorj  of  Descent  to  Man.— Descent  of  Man 
from  the  Ape.  —  Thomas  Hnzloj. —  Karl  Vogt.  —  Friodrich  Rolle. — 
The  Pedigrees  in  the  OenerelU  MorpiioiogU  and  the  *'  Ifistorj  of 
Creation." — ^The  Genealogical  AUematiTe. — The  Descent  of  Man  from 
Apes  deduced  from  the  Theorj  of  Descent. — The  Theory  of  Desocnt 
as  the  Greatest  Inductive  Law  of  Biology. —  Foundntion  of  this  Induc- 
tion.— Palaxmtologj. — Comparative  Anatomj. — The  Theory  of  Rudi. 
mentary  Organs. — Pnrpoeelossnesj,  or  Drsteleolojry. — Genenli>j»y  of  the 
Natural  System. — Chorulogy. — (Ekology.— Onlojreny. — lU'rutati<i&  of 
the  Dogma  of  Species. — The  "  Monograph  on  the  Chalk  Sponges  ;  ** 
Analytic  Evidence  for  the  Theory  of  Descent. 

"By  considering  the  embryological  structure  of  man— the  homologies 
which  be  presents  with  the  lower  animals — the  rudiments  wliicii  he  retains — 
and  the  reversions  to  which  be  is  liable,  we  can  pnifly  recall  in  imnginntion 
the  former  condition  of  our  early  prttgenitors  ;  and  can  approximsiely  place 
Ihem  in  their  proper  position  in  the  soological  series.  Wo  thus  learn  that 
BAn  is  descended  from  a  hairy  quadruped,  fumishrd  with  a  tail  and  pointed 
mi%»  probably  arboreal  in  its  habits,  and  an  inhabitant  of  the  Old  World. 
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Tliis  creatnre,  if  its  whole  Btroctnro  had  been  examined  by  a  natnralist, 
woald  have  been  classed  among  the  Quadrumana,  as  sarolj  as  would  the 
comniou  and  still  more  ancient  progenitor  of  the  Old  and  New  World 
monkeys.  "—C  HA  ELKS  Da  aw  in  (1871). 

In  the  short  time  that  has  passed  since  the  appearance  of 
Charles  Darwin's  book  "  On  the  Origin  of  Species  in  the 
Animal  and  Vegetable  Kingdom,"  the  History  of  Evolution 
has  advanced  so  greatly  that  it  is  scarcely  possible  to  point 
to  an  equally  great  advance  throughout  the  whole  record 
of  the  Natural  Sciences.     The  literature  of  Darwinism  is 
increasing  day  by  day,  not  only  in  connection  with  Zoology 
and  Botany — which  are  the  special  sciences  most  affected 
and*  reformed  by  the  Darwinian  Theory — but  far  beyond. 
It  is  applied  in  much  wider  circles  with  a  zeal  and  interest 
which  no  other  scientific  theory  has  ever  aroused.     There 
arc  two  distinct  circumstances  which   principally  explain 
this   extraordinary   success.     In    the    first    place,   all    the 
natural  sciences,  and  especially  Biology,  made   unusually 
rapid  progress  during  the  preceding  half  century,  and  from 
actual  experience  many  new  data  for  the  theory  of  natural 
evolution  were  amassed.     When  compared  with  the  failure 
of  Lamarck,  and  the  earlier  naturalists  to  obtain  recognition 
for   their  first   attempts  to   explain  the  origin  of  organ- 
isms and  of  man,  the  success  of  the  second  attempt,  made 
by  Darwin,  who  had  at  his  command  such  vast  accumu- 
lations of  well -attested  facts,  was  all   the  more  tliorou^^-h. 
In  availing  himself  of  recent  progress,  the  latter  was  able 
to  employ  quite  other  scientific  evidence  than  Lamarck  and 
Geofiroy,  Goethe  and  Treviranus,  could  command.     But,  in 
the  second  place,  we  must  give  due  weight  to  the  fact  that 
Darwin  has  the  especial  merit  of  having  approached  the 
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qacstion  from  an  entirely  new  direction,  and  of  having 
worked  out  that  independent  theory  in  explanation  of  the 
Doctrine  of  Descent  which  we  properly  call  the  Darwinian 
Theory,  or  Darwinism. 

While  Lamarck  explained  the  variation  of  organisms 
descended  from  common  ancestral  forms,  as  especially-  the 
effect  of  habit  and  the  use  of  the  organs,  but  also  by  the 
aid  of  the  phenomena  of  Heredity,  Darwin  independently, 
and  on  an  entirely  new  basis,  unfolded  the  actual  causes 
which  mechanically  accomplish  the  modification  of  the 
various  animal  aud  vegetable  forms  by  the  aid  of  Adap- 
tation and  Heredity.  Darwin  deduced  his  "  Theory  of 
Selection"  from  the  following  considerations.  He  com- 
pared the  origin  of  the  various  breeds  of  animals  and  plants 
which  man  is  able  to  produce  artificially, — the  conditions 
of  "  Selection "  in  horticulture,  and  in  the  breeding  of 
domestic  animals, — with  the  origin  of  wild  species  of 
plants  and  animals  in  a  natuml  state.  He  thus  found 
that  causes  similar  to  those  whieli,  in  artificially  breeding 
domestic  animals,  and  raising  cultivated  plants,  we  apply 
to  alter  the  forms,  are  also  at  work  in  Nature.  He  named 
the  must  efiective  of  all  the  co-operating  causes  the 
Struggle  for  Existence.  The  gist  of  Darwin's  theory, 
proiM'rly  so  called,  is  this  simple  idea :  that  t/te  StrufjfjU 
J'o7'  ICxiatcncc  in  Nature  evolves  new  Species  without  design, 
just  as  the  Will  of  Man  jn'oduces  new  Varieties  in  Culti- 
vation with  design.  Just  as  the  gardener  and  the  farmer 
breed  for  their  own  a^lvantage,  and  according  to  their 
own  will,  making  judicious  use  of  the  productive  effects 
of  Heredity  and  Adaptation,  so  docs  the  Struggle  for 
Existence  constantly  modify  the  forms  of  vegetables  and 


^ 


96  THE  EVOLUTION  OF  IfAN. 

animals  in  an  undomesticated  state.  This  Struggle  fo^ 
Existence,  or  the  universal  efforts  of  organisms  to  secure  the 
necessary  means  of  existence,  works  without  design,  but 
yet  in  the  same  way  modifies  the  organisms.  But  as  under 
its  influence  Heredity  and  Adaptation  enter  into  most 
intimate  reciprocal  relations,  there  necessarily  arise  new 
forms;  or  variations,  which  are  of  advantage  to  the  organ- 
ism, and  which  have,  therefore,  an  object^  although  in 
reality  not  originating  from  a  preconceived  design. 

This  simple  fundamental  idea  is  the  real  gist  of  Darwin- 
ism, or  the  "Theory  of  Selection."  Its  author  conceived 
the  idea  long  ago,  but  with  admirable  industry  he  employed 
twenty  years  in  collecting  data  from  actual  experience  for 
proving  his  theory  before  declaring  it.  In  the  "History 
of  Creation"  (Chapter  VI.),  I  gave  a  full  account  of  the 
method  by  which  he  reached  his  results,  as  well  as  of  his 
most  important  writings,  and  his  life.  I  shall,  therefore, 
now  only  allude  very  briefly  to  some  of  the  most  important 
points.** 

Charles  Darwin  was  bom  on  the  12th  of  February,  1809, 
at  Shrewsbury,  where  his  father,  Robert  Darwin,  practised 
as  a  physician.  His  gi'andfather,  Erasmus  Dai-win,  was 
a  thoughtful  naturalist,  who  laboured  in  the  line  of  the 
earlier  natural  philosophy,  and  who,  toward  the  end  of 
the  eighteenth  century,  published  several  works  on  that 
subject.  The  most  important  of  these  is  his  "  Zoonomy,** 
which  appeared  in  1794,  and  in  which  he  expressed  views 
fi  like  those  of  Goethe  and  Lamarck,  though  he  knew  nothing 
oi  the  similar  eftbrts  of  these  contemporaries.  £i*asmus 
Darwin  transmitted  to  his  grandson  Charles,  according  to 
^the  law  of  latent  transmission  (Atavism),  certain  mole> 
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cular  movements  of  the  cells  in  the  ganglia  of  his  powerful 
brain,  which  had  not  made  their  appearance  in  his  son 
Robert  This  fact  is  of  great  interest  in  relation  to  the 
remarkable  law  of  Atavism  which  Charles  Darwin  himself 
has  so  well  discussed.  But  in  the  writings  of  Erasmus 
Darwin,  formative  imagination  too  greatly  outweighs 
critical  judgment,  while  in  his  grandson,  the  two  are  evenly 
balanced.  As,  at  present^  many  naturalists  of  limited 
genius  regard  imagination  as  superfluous  in  Biology,  and 
their  own  lack  of  it  as  a  great  and  "exact"  advantage, 
I  take  this  opportunity  of  calling  attention  to  a  striking 
remark  of  an  able  naturalist,  who  was  himself  one  of  the 
leaders  of  the  school  called  "  exact,**  confining  itself  strictly 
to  experience.  Johannes  Miiller,  the  German  Cuvier,  whose 
works  will  always  be  regarded  as  models  of  exact  investiga- 
tion, declared  that  continuous  interaction  and  harmonious 
balance  of  imagination  and  reason,  are  the  indispensable 
conditions  of  the  most  important  discoveries.  Tliis  passage 
is  given  in  full  as  a  motto  at  the  beginning  of  the  eighteenth 
chapter. 

After  completing  his  university  studies  in  his  twenty- 
second  year,  Charles  Darwin  was  fortunate  enough  to 
accompany  an  exj^edition  which  sailed  round  tlie  world  for 
scientific  purposes.  This  lasted  for  five  years,  thus  affording 
him  an  abundance  of  most  instructive  suggestions  and  of 
opportunities  for  the  contemplation  of  Nature  in  its 
grandest  forms.  In  the  very  beginning  of  the  voyage, 
when  he  first  landed  in  South  America,  he  noticed  a  varietv 
of  phenomena,  which  suggested  to  him  the  great  problem  of 
his  life-long  work,  the  question  of  the  "Origin  of  Si>ecie«." 
On  the  one  Ivand,  the  instructive  phenomena  of  the  geogra* 
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phical  distribution  of  species,  and  on  the  other,  the  relation 
between  the  living  and  extinct  species  of  the  same  continent, 
suggested  to  him  the  idea  that  nearly  allied  species  might 
have  descended  from  a  common  ancestral  forraL  On  hi? 
return  from  his  five  years*  voyage,  he  devoted  himself  for 
years  most  zealously  to  the  systematic  study  of  domestic 
animals  and  garden-plants,  and  he  recognized  the  evident 
analogies  between  the  formation  and  transmutations  of  these, 
and  those  of  wild  species  in  a  state  of  nature.  He  had, 
however^  no  conception  of  natural  selection  through  the 
struggle  for  existence,  which  is  the  most  important  feature 
in  the  construction  of  his  theory,  until  after  he  had  read 
the  celebrated  book  of  Malthus,  the  political  economist,  on 
the  "  Principles  of  Population."  This  gave  him  a  clear 
conception  of  the  analogy  between  the  changing  relations 
of  population  and  over-population  in  civilized  countries  and 
the  social  relations  of  animals  and  plants  in  a  wild  state. 
He  continued  for  many  years  to  collect  materials  in  order  to 
accumulate  a  great  mass  of  evidence  for  the  support  of  this 
theory.  At  the  same  time,  as  a  pract\pal  breeder,  he  insti- 
tuted many  important  experiments  in  breeding,  and  gave 
special  attention  to  the  instructive  breeding  of  domestic 
pigeons.  Ample  leisure  was  afforded  him  by  the  quiet 
retirement  in  which,  after  his  return  from  his  journey 
round  the  world,  he  has  lived  on  his  property  of  Down,  near 
Beckenham. 

It  was  not  until  the  year  1858,  that  Darsvin  was  induced, 
by  the  work  of  another  naturalist,  Alfred  Russell  Wallace, 
who  had  conceived  the  same  Theory  of  Selection,  to  publish 
the  outlines  of  his  theor3\  In  1859  appeared  his  principal 
vvork,  **  On  the  Origin  of  Species,"  in  which  the  theory  is 
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ezhaostivcly  discussed,  and  is  established  by  the  weightiest 
evidence.  Having  fully  expressed  my  opinion  of  this  book 
in  my  Oencrclle  Morphologie,  and  in  the  "  History  of 
Creation,"  it  will  hci*e  be  sufficient  to  recapitulate  briefly 
the  gist  of  the  Darwinian  theory,  on  the  right  undcr- 
Btanding  of  which  everything  depends.  The  whole  is  based 
on  the  simple  fundamental  idea  that  the  Stiniggle  for 
Existence  in  Natura  modifies  organisms,  and  produces 
new  species  by  the  aid  of  the  same  means  by  which  man 
produces  new  domesticated  varieties  of  animals  and  plants. 
These  means  consist  in  the  constant  preference  or  selection 
of  the  individuals  most  suitable  for  propagation,  so  that  the 
interaction  of  Heredity  and  Adaptation  acts  as  a  modifying 
cause.** 

Tlie  celebrated  traveller  Wallace  had  independently 
formed  the  same  conclusions.  He  had,  however,  by  no 
means  determined  the  influence  of  Natural  Selection  in 
forming  species  as  clearly  and  thoroughly  as  had  been  done 
by  Darwin.  But  the  writings  of  Wallace  (especially  those 
on  Mimicry,  etc.)  contain  many  admirable,  original  con- 
tributions to  the  Theory  of  Selection.  It  is  most  unfor- 
tunate that  the  imagination  of  this  gifted  naturalist  has 
since  become  diseased,  and  that  he  now  only  plays  the  j^art 
of  a  spiritualist  in  the  spiritualistic  s<->cicty  of  London. 

The  effect  produced  by  Darwin  s  book  on  "The  Origin  of 
Species  by  Natural  Selection  "  in  the  animal  and  vegetable 
kingdom,  was  extraordinarily  great,  thou-h  not  at  first  in 
the  special  branch  of  science  to  whirh  it  most  directly 
applied.  Several  years  passed  before  botanists  and  zoolo- 
gists recovered  from  their  surprise  at  the  new  views  of 
nature  advanced  by  this  great  reconstructive  W4»rk.      The 
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effect  of  the  book  on  the  special  sciences  with  which 
zoologists  and  botanists  are  concerned,  has  become  really 
prominent  only  during  the  past  few  years,  during  which  the 
Theoiy  of  Descent  has  been  applied  in  Anatomy  and  On- 
togeny, and  in  zoological  and  botanical  classiiication.  In 
some  ways  it  has  already  caused  extraordinary  progress  and 
a  great  reform  in  the  prevailing  views. 

But  in  Darwin's  first  work  of  1859,  the  point  which 
most  interests  us  here — ^the  application  of  the  Theory 
of  Descent  to  Man — was  not  touched  at  alL  For  many 
years  it  was  even  asserted  that  Darwin  had  no  intention  of 
applying  his  theory  to  Man,  but  that  he  shared  the  preva- 
lent opinion,  that  an  entirely  peculiar  place  in  creation  must 
be  assigned  to  Man.  Not  only  men  unversed  in  science, 
including  very  many  theologians,  but  even  educated  natur- 
alists, asserted  with  the  greatest  ingenuousness,  that  the 
Darwinian  Theory  in  itself  was  not  to  be  combated,  and 
was  entirely  correct,  for  it  afforded  an  excellent  means  of 
explaining  the  origin  of  the  various  species  of  animals  and 
plants;  but  that  the  theory  was  in  no  way  applicable  to 
Man. 

In  the  mean  time,  however,  many  thoughtful  people, 
naturalists  as  well  as  others,  expressed  the  opposite  opinion, 
that  it  necessarily  follows  as  the  logical  conclusion  from  the 
Theoiy  of  Descent,  as  formulated  by  Darwin,  that  Man 
must  have  descended  from  other  animal  organisms,  and, 
immediately,  from  Mammals  resembling  Apes.  The  truth  of 
this  conclusion  wtis  early  recognized  by  many  thoughtful 
opponents  of  the  theory.  Just  because  they  regarded  this 
as  a  necessary  consequence,  many  felt  that  the  whole  theory 
must  bo  rejected.    The  first  scientific   application  of  thin 
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theory  to  Man  was  made  by  Huxloy,  who  now  holds  the 
first  place  among  English  zoologists.^  This  able  and 
learned  philosopher,  to  whom  much  progress  in  zoological 
science  is  duo,  published  a  little  work  entitled  ''  Evidences 
of  Man's  Place  in  Nature,"  in  the  year  1863,  contain- 
ing three  essays:  1.  On  the  Natural  History  of  Man- 
like Apes ;  2.  On  the  Relations  of  Man  to  the  Lower 
Animals ;  3.  On  Some  Fossil  Remains  of  Man.  In  these 
three  very  important  and  interesting  essays,  it  is  clearly 
shown  that  the  much-disputed  descent  of  Man  from  the  Ai>e 
b  the  necessary  consequence  of  the  Theory  of  Descent.  If 
the  Tlieory  of  Descent  is  correct  as  a  whole,  it  is  impos- 
sible not  to  regard  the  Apes  most  resembling  Man  as  the 
animals  from  which  the  human  race  has  been  immediately 
evolved 

Almost  simultaneously  Karl  Vogt,  a  most  acute  zoologist, 
published  a  larger  work  on  the  same  subject,  entitled 
"  Lectures  on  Man,  his  Place  in  Creation  and  in  the  History 
of  the  Elarth."  This  author  has  since  partly  retracted  his 
views,  and  has,  indeed,  quite  recently  adopted  the  strange 
assumption  that  the  descent  of  Man  can  only  l>e  traced 
from  the  Apes,  and  not  from  the  yet  lower  animals.  This, 
however,  only  shows  that  Vogt  ha.s  not  followed  the  recent 
progress  of  Zoology,  and  that  he  has  long  ceased  to  sym- 
pathize with  the  most  important  parts  of  the  History  of 
Evolution. 

Gustav  Jaeger"  and  Friedrich  Rolle**  must  be  mcn- 
Uoned  among  zoologists  who,  after  the  publication  ol 
Darwin's  work,  took  up  the  Theory  of  Descent,  advanced 
it,  and  drew  the  right  logical  conclusion,  tliat  Man  is 
descendcil  from  the  lower  animals.     Friedrich  RoUe.  in  18C6 
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published  a  work  on  "  Man,  his  Descent  and  Civilization,  vh 
the  light  of  the  Darwinian  Theory." 

At  the  same  time,  in  the  second  volume  of  my  GenerMe 
Moi'phologie  der  Organismen,  which  appeared  in  1866,  I 
made  the  first  attempt  to  apply  the  Theory  of  Evolution  to 
the  entire  classification  of  organisms,  including  Man.^  I 
tried  to  sketch  the  hypothetical  genealogies  of  the  dif- 
ferent classes  of  the  animal  kingdom,  of  the  kingdom  of 
Protista,  and  of  the  vegetable  kingdom,  not  only  as  they 
must  be  according  to  the  principles  of  the  Darwinian 
Theory,  but  also,  as  it  is  already  really  possible  to  do,  with 
a  certain  degree  of  probability.  For,  if  the  Theory  of 
Descent,  as  first  definitely  stated  by  Lamarck,  and  after- 
wards firmly  established  by  Darwin,  is  correct  in  its  general 
principles,  then  it  must  also  be  possible  to  interpret  the 
natural  system  of  plants  and  animals  genealogically,  and  to 
place  the  smaller  and  larger  divisions  recognized  in  the 
system,  as  limbs  and  branches  of  a  genealogical  tree.  The 
eight  genealogical  tables  which  I  appended  to  the  second 
volume  of  the  Oenerelle  Morphologic,  are  the  first  attempts 
to  accomplish  this.  In  the  twenty-seventh  chapter  of  the 
same  work  are  given  the  most  important  stages  in  the 
ancestral  line  of  the  human  race,  as  far  as  they  can  bo 
traced  in  the  descent  of  Vertebrates.  I  there  attempted 
especially  to  determine  the  place  in  the  mammalian  class 
assigned  to  Man  bj'  the  system,  and,  as  far  as  seems  possible 
at  present,  the  genealogical  significance  of  the  latter.  In 
the  twenty-second  and  twenty-third  chapters  of  my  "  His- 
tory of  Creation,"  I  materially  improved  on  this  attempt 
and  explained  it  in  a  more  popular  form. 

At  last,  in  1871,  Darwin  himself  published  a  very  in 
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keresting  work,  which  contains  the  much-disputed  applica- 
tion of  his  theory  to  Man,  and  which,  thcrcforc,  completes 
his  great  doctrine.  In  this  work,  entitled  "  The  Descent  of 
Man,  and  Selection  in  Relation  to  Sex,"  ^  Darwin  has 
openly  and  most  logically  drawn  the  inference,  about  which 
he  had  before  purposely  maintained  silence,  that  Man  also 
must  have  been  evolved  from  lower  animals.  In  a  most 
maflterly  manner  he  discussed  especially  the  very  important 
part  paid  by  Sexual  Selection  in  the  progressive  exaltation 
of  Man,  and  of  all  other  higher  animals.  According  to  this 
theory,  the  careful  selection  which  the  two  sexes  exercise  on 
each  other,  in  relation  to  their  sexual  connection  and  re- 
production, and  the  aisthutic  taste  evinced  by  the  higher 
animals  in  this  matter,  has  a  most  important  influence  on 
the  progressive  evolution  of  forms  and  in  the  distinction  of 
the  sexes.  The  male  animals  seek  out  the  most  beautiful 
females,  and,  on  the  other  hand,  the  females  choose  the 
finest  males,  so  that  the  specific,  and  at  the  same  time  the 
sexual  character  is  continuously  ennobled.  In  this  respect 
many  of  the  higher  animals  exercise  a  better  taste  and  a 
more  impartial  judgment  than  does  man.  Dut  even  among 
men  sexual  selection  has  given  rise  to  a  noble  form  of 
j/ family  life,  which  is  the  chief  foundation  on  which  civiliza- 
tion and  social  states  have  been  built.  The  human  race 
certainly  owes  its  origin  in  great  measure  to  the  perfected 
Sexual  Selection  which  our  ancestors  cXiTcised  in  the  choice 
of  wives.  (Cf  Chapter  XI.  of  the  "  Histiuy  of  Creation," 
and  pp.  244-247  in  the  second  volume  of  the  (JcnariU 
Moi'phologU.) 

In  all  essential  points  Darwin  approves  of  the  general 
ouUiuo  of  the  genealogical  tree  given  in  the  GenercUc  il/or- 
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phologie  and  the  "  History  of  Creation,"  and  he  expiesftly 
states  that  his  experience  points  to  the  same  conclusions. 
It  is  impossible  not  to  appreciate  his  great  wisdom  in  not 
himself  applying  the  Theory  of  Descent  to  Man,  in  his  first 
work ;  for  the  inference  was  of  a  sort  to  raise  the  strongest 
prejudices  against  the  entire  doctrine.  It  was  at  first  only 
necessary  to  establish  the  theory  in  relation  to  the  species 
of  animals  and  plants.  Its  application  to  Man  then  inevit- 
ably followed  sooner  or  later. 

It  is  most  important  to  understand  this  connection 
rightly.  If  all  organisms  have  sprung  from  a  common  root, 
Man  is  also  included  in  this  common  descent  But  if,  on 
the  contrary,  each  separate  kind  or  species  of  organism  has 
been  separat^jly  created,  then  Man  was  also  "  created,  not 
evolved."  Between  these  two  opposite  views  lies  our 
choice ;  and  this  decisive  alternative  cannot  be  often 
enough  and  prominently  enough  placed  in  the  foreground. 
Either  aU  the  various  species  of  the  vegetable  and  animal 
kingdoms  are  of  supernatural  origin,  created,  not  evolved — 
in  which  case  Man  is  also  the  product  of  a  supernatural  act 
of  creation,  as  is  assumed  in  all  the  various  systems  of 
religious  belief ;  or,  the  various  species  and  classes  of  the 
animal  and  vegetable  kingdoms  have  evolved  from  a  few 
common  and  most  simple  ancestral  forms  ;  and  if  this  is  the 
case,  man  himself  is  the  latest  product  of  the  evolution  of 
the  genealogical  tree  of  animals. 

The  connection  between  the  two  may  be  concisely  stated 
as  follows :  the  DesccTit  of  Man  from  lower  anvmala  is  a 
special  deductive  law,  necessarily  follo^uing  from  the  general 
inductive  law  of  the  entire  Doctrine  of  Descent  Tliis 
sentence  formulates  the  relation  most  clearly  and  simply. 
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The  Doctrine  of  Descent  is  really  nothinor  but  a  great  in« 
ductive  law,  to  which  we  are  led  by  grouping  and  compar- 
ing the  most  important  empirical  laws  of  Morphology  and 
Physiology.  We  are  obliged  to  draw  our  conclusions 
according  to  the  laws  of  induction  in  every  case  in  which 
wc  are  unable  to  establish  the  truths  of  nature  immediately 
by  the  infallible  method  of  direct  measurement,  or  mathe- 
matical  calculation.  In  the  study  of  animated  nature,  we 
are  seldom  able  entirely  to  ascertain  the  significance  of 
phenomena  immediately,  and  by  infallible  mathematical 
means,  as  is  possible  in  the  much  simpler  study  of  inorganic 
bodies,  in  Chemistry,  Physics,  Mineralogy,  and  Astronomy. 
In  the  last  especially,  we  can  always  employ  the  very 
simple  and  absolutely  sure  method  of  mathematical  calcula- 
tion. But  in  Biology,  this  is  for  many  reasons  entirely^ 
impossible,  and  especially  because  the  phenomena  in  it  are 
far  too  complex  to  admit  of  immediate  solution  by  mathe- 
matical analysis.  We  are  therefore  compelled  to  proceed 
inductively;  in  other  words,  from  the  mass  of  separate 
observation  we  must  gradually  draw  general  conclusions, 
which  must  be  more  and  more  approximately  correct 
These  inductive  conclusions,  it  is  true,  cannot  claim  the 
absolute  certainty  of  mathematical  propositions ;  but  they 
are  more  and  more  approximately  true  in  proportion  with 
the  increase  in  extent  of  the  experiences  on  which  they  are 
t«ased.  Tlie  importance  of  such  inductive  laws  is  in  no  way 
lessened  by  the  circumstance  that  they  must  only  be 
i-cgai\ied  as  provisional  scientific  achievements,  which  may 
jxissibly  be  improved,  or  perfected,  by  the  further  progress 
of  knowledge.  This  is  equally  true  of  the  greater  part  of 
knowledge  in  other  sciences ;  for  example,  in  Geology  and 
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Archaeology.  However  much  imrticiJar  items  of  such  induc- 
tive knowledge  may  in  time  be  improved  and  modified, 
their  general  significance,  as  a  whole,  remains  quite  un- 
touched. 

The  Theory  of  Descent,  according  to  Lamarck  and  Dar- 
win, as  a  great  inductive  law,  and  indeed  the  greatest  of 
all  inductive  biological  laws,  is  in  the  first  place  based  on  the 
facts  of  Palaeontology,  on  the  modification  of  species  brought 
to  light  by  the  science  of  Petrifactions.     From  the  condi- 
tions under  which  these  fossils,  or  petrifactions,  are  found 
buried  in  the  rock-layei*s  of  our  earth,  we  draw  the  first 
sure  conclusion,  that  the  organic  population  of  the  earth,  as 
well  as  the  crust  of  the  earth  itself,  has  been  slowly  and 
gradually  evolved,   and  that  series  of  diverse  populations 
have    successively   appeared    at  different    periods   of   the 
earth's  history.     Modem  geology  shows  us  that  the  evolu- 
tion of  the  earth  has  been  gradual,  and  without  total  and 
violent   revolutions.      Comparing   the   various    plant   and 
animal  creations  that  have  successively  appeared  during  the 
course  of  the  earth  s  history,  we  find,  in  the  first  place,  that 
an  increase  in  the  number  of  species  has  been  constant  and 
gradual  from  the  earliest  to  the  most  recent  times ;  and,  in 
the  second  place,  we  perceive  that  the  increase  in  the  per- 
fection of  the  forms  belonging  to  each  of  the  larger  groups 
of  animals  and  plants  is  also  constant.     For  example,  th(^ 
only  Vertebrates  existing  in  the  earliest  times  are  the  lower 
Fishes ;  then  the  higher  kinds  of  Fishes ;    later  Amphibia 
appear ;  still  later,  the  three  higher  classes  of  Vertebrates, 
Reptiles  first,  then  Birds,  and  Mammals ;  of  these  only  the 
moct  imperfect  and  lowest  forms  appear  first ;  it  is  only  at 
II  very   late   period   that  the  higher   placental   MA.fnypfll<f 
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apiKar,  and  among  the  latest  and  youngest  forms  of  the 
latter  is  Man.  Both  the  perfection  of  forms  and  their 
variety  originate,  therefore,  only  gradually,  and  in  a  period 
extending  from  the  oldest  time  to  the  present  day.  This 
fact  is  of  great  importance,  and  can  be  explained  only  by 
the  Doctrine  of  Descent,  with  which  it  perfectly  agrees.  If 
the  various  groups  of  plants  and  animals  really  descended 
one  from  another,  then  such  an  increase  in  number  and 
degree  of  perfection,  as  the  series  of  fossils  actually  exhibiU, 
must  necessarily  have  occurred. 

A  second  series  of  phenomena  of  great  importance  for 
the  inductive  law  with  which  we  are  dealing,  is  contributed 
oy  Comparative  Anatomy.  This  latter  is  that  part  of 
Morphology,  or  the  Science  of  Forms,  which  compares  the 
developed  organic  forms,  and  seeks,  in  their  great  variety, 
to  find  the  one  common  law  of  their  organization,  or,  as 
it  was  formerly  called,  the  "general  plan  of  structure."  Since 
Cuvier  first  formed  this  science,  at  the  beginning  of 
this  century,  it  has  always  been  a  favourite  study  of  the 
most  eminent  natui-alists.  Goethe,  even  before  him^  had 
b«en  greatly  attracted  by  the  charm  of  the  mysteries  which 
it  solved,  and  had  been  drawn  into  the  study  of  Morphology. 
It  was  especially  Comparative  Osteology,  the  philosophical 
observation  and  comparison  of  the  bony  skeletons  of  Verte- 
brates, which  is  really  one  of  the  most  interesting  branches 
of  the  science,  that  riveted  his  attenti^m  and  led  him  to  form 
liis  Tlieorj-  of  the  Skull,  which  has  already  been  mentioned. 
Comparative  Anatomy  teaches  that  in  each  line  of  descent 
in  the  animal  kingdom,  and  in  eacli  class  in  the  vegetable 
kingdom,  the  inner  structures  of  all  the  animals  belonging 

to  the  one,  and  of  the  plants  belonging  to  the  other,  are  in 
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all  essential  points  in  the  highest  degree  similar^  even 
though  the  outward  forms  are  extremely  unlike.  Map^ 
accordingly,  in  all  essential  features  of  internal  organization 
so  closely  resembles  other  Mammals,  that  no  comparative 
fiuatomist  has  ever  doubted  that  he  belongs  to  that  class. 
Tho  whole  inner  structure  of  the  human  body, — the  disposi- 
tion of  its  various  systems  of  organs, — the  arrangement  of 
the  bones,  muscles,  blood-vessels,  and  the  like, — the  coarser 
and  more  minute  structure  of  all  these  organs,  corresponds  so 
well  with  that  of  all  other  Mammals, — such  as  Apes,  Gnawing 
animals  (RodeTUia),  Hoofed  animals  (UTigtdata),  Whales, 
and  Oppossums, — that  the  complete  dissimilarity  of  the 
outward  form  is  as  nothing  in  the  balance  against  it.  We 
learn  also  from  Comparative  Anatomy  that  the  fundamental 
characteristics  of  animal  organization  are  so  much  alike, 
even  within  the  various  classes,  numbering  from  thirty 
to  forty  in  all,  that  they  may  fittingly  be  arranged  in  from 
six  to  eight  principal  groupa  But  even  in  these  few  groups, 
which  represent  the  lineages  or  types  of  tho  animal  kingdom, 
it  can  be  shown  that  certain  organs,  especially  the  intestinal 
canal,  were  originally  uniform. 

We  can  only  explain  this  most  essential  unifonnity  in 
all  these  various  animals,  notwithstanding  their  great  ex- 
ternal dissimilarity,  by  the  aid  of  the  Theory  of  Descent. 
Only  by  considering  the  internal  correspondence  as  the 
result  of  Heredity  from  common  ancestral  forms,  and  tho 
external  dissimilarity  as  the  result  of  Adaptation  to  varied 
conditions  of  life,  can  this  wonderful  fact  be  thorouglily 
understood. 

The  recognition  of  this  truth  raised  Comparative 
Anatomy  itself  to  a  higher  rank,  so  that  Gegcnbaur,*'  the 
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ablest  living  representative  of  this  science,  could  say  with 
perfect  justice,  that  the  Theory  of  Descent  opened  a  new 
p'-riod  in  Comparative  Anatomy,  and  that  the  former  is 
tlie  touchstone  of  the  latter.  "So  far,  no  experience  in 
Comparative  Anatomy  is  contradictory  to  the  theory  of 
Descent;  aU  rather  lead  to  it.  So  that  the  theory  will 
receive  back  from  the  science  that  which  it  has  imparted 
to  its  methods;  namely,  clearness  and  certainty."  Formerly, 
the  remarkable  internal  similarity  of  structure  in  organisms 
had  been  a  source  of  wonder,  incapable  of  explanation. 
Now,  however,  we  can  understand  the  causes  of  these  facts, 
and  can  prove  that  this  wonderful  uniformity  is  simply  tlie 
necessary  consequence  of  Heredity  from  common  ancestral 
forms,  and  that  the  striking  dissimilarity  of  the  external 
form  is  the  necessary  consequence  of  Adaptation  to  the 
outward  conditions  of  existence. 

There  is  a  special  branch  of  Comparative  Anatomy 
whicb  is  peculiarly  interesting  in  this  respect,  and  at  the 
same  time  of  the  most  extended  philosophical  significance. 
This  is  the  science  of  Rudimentary  Organs,  which  we  may 
call,  in  reference  to  their  philosophical  consequences,  the 
Doctrine  of  Purposelessness,  or  Dystelcology.  Almost 
every  organism,  with  the  exception  of  the  lowest  and 
most  im[>erfect,  and  especially  every  highly  developed  vege- 
table or  animal  body,  man  as  well  as  others,  possesses  one  or 
more  structures  which  are  useless  to  its  organism,  valueless 
for  its  life-purposes,  worthless  for  its  functions.  Thus  all  of 
us  have  in  our  bodies  various  muscles  which  we  never  use ; 
for  example,  the  muscles  in  the  external  ear  and  the  parts 
immediately  surrounding  it  These  outer  and  inner  ear 
muscles  are  of  great  use  to  most  Mammals,  especially  Mich 
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as  have  the  power  of  erecting  the  ears,  hecause  the  form 
and  position  of  the  ear  may  thus  be  materially  altered,  in 
order  to  take  in  the  various  waves  of  sound  in  the  besf 
possible  manner.  In  Man,  however,  and  in  other  animals 
not  possessing  the  power  of  pricking  up  the  ears,  tho 
muscles,  though  present,  are  useless.  As  our  ancestors  long 
ago  discontinued  to  make  use  of  them,  we  have  lost  the 
power  of  moving  them.  Again,  there  is  in  the  inner  comer 
of  our  eye  a  small  crescent-shaped  or  semi-lunar  fold  of  skin; 
the  last  remnant  of  a  third  inner  eyelid,  the  so-called  nicti* 
tating  membrane.  In  our  primitive  relatives,  the  Sharks, 
and  in  many  other  Vertebrates,  this  membrane  is  highly 
developed,  and  of  great  use  to  tho  eye ;  but  with  us  it  is 
abortive  and  entirely  useless.  On  the  intestinal  canal  we 
have  an  appendage,  which  is  not  only  useless,  but  may 
become  very  injurious,  the  so-called  vermiform  appendage 
of  the  caecum.  This  little  appendage  of  the  intestine  not 
infrequently  causes  fatal  disease.  K  in  the  process  of 
digestion,  by  an  unlucky  accident,  a  cherry-stone  or  some 
similar  hard  body  is  pressed  into  its  narrow  passage,  a 
violent  inflammation  ensues,  which  usually  causes  death. 
This  vermiform  appendage  is  not  of  the  slightest  use  in  our 
organism ;  it  is  the  last  and  dangerous  remnant  of  an  organ, 
which  was  much  larger  in  our  vegetarian  ancestors,  and  was 
of  great  use  to  them  in  digestion ;  ad  it  is  still  in  many 
herbivorous  animals,  such  as  Apes  and  Rodents,  in  which 
it  is  of  considerable  sise,  and  of  great  physiological  im- 
portanca 

Other  similar  rudimentary  organs  exist  in  us,  as  in  all 
Iiigher  animals,  in  different  parts  of  the  body.  They  are 
among  the  most  interesting  phenomena  with  which  Com* 
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parative  Anatomy  acquaints  us ;  firstly,  because  they  afford 
the  modt  obvious  proof  of  the  Theory  of  Descent,  and 
aecondly,  because  they  most  forcibly  refute  the  custom- 
ary toleological  philosophy  of  the  schools.  The  Doctrine 
of  Descent  renders  the  explanation  of  these  remarkable 
(phenomena  very  simple.  They  must  be  regarded  as  parts 
which  in  the  course  of  many  generations  have  gradually 
been  disused  and  withdrawn  from  active  servica  Owing 
to  disuse  and  consequent  loss  of  function,  the  oi^ns 
gradually  waste  away,  and  finally  entirely  disappear.  The 
existence  of  rudimentary  organs  admits  of  no  other  expla- 
nation. Hence,  they  are  of  the  greatest  philosophical 
importance;  they  clearly  prove  that  the  mechanical,  or 
monistic  conception  of  the  nature  of  organisms  is  alone 
correct,  and  that  the  prevailing  teleological,  or  dualistic 
method  of  accoimting  for  them,  is  entirely  false.  The  very 
ancient  fable  of  the  all-wise  plan  according  to  which  "  the 
Creators  hand  has  ordained  all  things  with  wisdom  and 
understanding,"  the  empty  phrase  about  the  purposive 
**  plan  of  structure  "  of  organisms  is  in  this  way  completely 
disproved.  Stronger  arguments  can  hardly  be  furnished 
against  the  customary  teleology  or  Doctrine  of  Design,  than 
the  fact  that  all  more  highly  developed  oi^ganisms  possess 
such  rudimentary  organs. 

The  favourite  phrase,  "  the  moral  ordering  of  the  world," 
IN  also  shown  in  its  true  light  by  these  dysteleological 
farts  Thus  viewed,  the  **  moral  ordering  of  the  world  "  ii 
evidently  a  beautiful  poem  which  is  proved  to  be  false  by 
the  actual  facts.  None  but  the  idealist  scholar,  who  closes 
bis  eyes  to  the  real  truth,  or  tlie  priest,  who  tries  to 
keep  his  spiritual  flock  in  ecclesiastical  leading-strings^  can 
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any  longer  iell  the  fable  of  "  the  moral  ordering  of  the 
world."  It  exists  neither  in  nature  nor  in  human  life, 
neither  in  natural  history,  nor  in  the  history  of  civilization. 
The  terrible  and  ceaseless  "  Struggle  for  Existence "  given 
the  real  impulse  to  the  blind  course  of  the  world.  A 
"  moral  ordering,"  and  "  a  purposive  plan  "  of  the  world 
can  only  be  visible,  if  the  prevalence  of  an  immoral  rulo 
of  the  strongest  and  undesigned  organization  is  entirely 
ignored. 

The  Natural  System  of  Organisms,  which  classifies  all 
the  various  forms  in  larger  and  smaller  groups,  according  to 
the  degree  of  similarity  or  dissimilarity  of  these  forms,  is 
the  widest  inductive  basis  of  the  Theory  of  Descent. 
These  groups  or  categories  of  the  system,  the  varieties 
species,  genera,  families,  orders,  classes,  and  so  on,  always 
show  such  relative  co-ordination  and  subordination  that 
they  can  be  explained  only  genealogically,  and  the  whole 
system  can  but  be  represented  figuratively  under  the  form  of 
a  tree  with  many  branches.  This  tree  is  the  genealogical 
tree  of  the  groups  related  in  form,  and  their  relation  in 
form  really  is  their  relation  in  blood  As  no  other  explana- 
tion can  be  given  of  the  fact  that  the  system  naturally 
assumes  a  tree-like  form,  we  may  regard  this  as  an  imme- 
diate and  powerful  proof  of  the  truth  of  the  Doctrine  of 
Descent 

Among  the  most  important  of  the  phenomena,  testify* 
ing  to  the  inductive  law  of  the  Theory  of  Descent,  is  the 
geographical  distribution  of  animal  and  vegetable  species 
over  the  surface  of  the  earth,  and  their  topographical  distri- 
bution on  the  heights  of  mountains  and  in  the  depths  of 
oceans.    Alexander  Humboldt  gave  a  fresh  impulse  to  the 
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scientific  investigation  of  these  conditions,  to  the  Science  of 
Distribution^  or  Chorology ;  but  until  Darwin,  people  were 
satisfied  to  observe  the  phenomena  of  Chorology,  and  tried 
principally  to  establish  the  demarcations  of  the  distribu- 
tions of  existing  organic  groups  of  greater  or  less  extent 
Hut  the  causes  of  the  remarkable  phenomena  of  distribu- 
tion, the  reasons  why  some  groups  exist  only  here,  others 
only  there,  and  why  there  are  such  numerous  divisions  of 
the  various  species  of  plants  and  animals,  it  was  impossible 
to  explain.  The  Doctrine  of  Descent,  for  the  first  time,  fur- 
nishes the  key  to  the  solution  of  this  problem  also ;  it  alone 
puts  us  in  the  right  way  to  obtain  an  explanation,  by  ^l)ow- 
ing  us  that  the  various  species  and  groups  of  species  spring 
from  common  ancestral  species^  the  widely  diverging  pos- 
terity of  which  g^radually  spread  over  the  whole  earth. 
Yet  for  every  group  of  species  there  must  be  assumed  a  so- 
called  "  centre  of  creation  " — that  is,  a  common  cradle,  or 
original  habitat,  in  which  the  common  ancestral  species  of 
a  group  first  evolved,  and  from  which  their  immediate 
descendants  dispersed  in  different  directions.  Individuals 
of  these  migrated  species  became  in  their  turn  the  ances- 
tral species  of  new  groups,  which  again,  by  active  and 
passive  migration,  dispersed;  and  so  on.  As  every  form 
after  its  migration  adapted  itself  to  new  conditions  of 
existence  in  its  new  home,  it  underwent  modification,  and 
gave  rise  to  new  series  of  forms. 

Darwin,  by  the  Theory  of  Descent,  was  tlio  first  to 
establish  this  highly  important  doctrine  of  active  and 
jiassive  migrationa  At  tlie  same  time  he  correctly  pointed 
out  the  significance  of  the  important  chorological  relations 
between  the  living  population  of  each  region  and  their  fossil 
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ancestors  and  allied  forms.  Moritz  V»''agner  worked  out  this 
point  most  excellently  under  the  name  of  "  The  Theory  of 
Migration."*  But^  in  our  opinion,  this  famous  traveller 
lias  over-estimated  the  importance  of  his  "Theory  of  Mi- 
gration," in  so  far  as  he  declares  it  to  be  a  condition 
necessary  to  the  rise  of  new  species,  and  holds  the  "  Theory 
of  Selection "  to  be  incorrect  The  two  theories  are,  how- 
ever, in  no  way  opposed.  On  the  contrary,  migration, 
by  which  the  ancestral  species  of  a  new  kind  becomes 
isolated,  is  only  a  special  form  of  selection.  The  great  and 
interesting  series  of  chorological  phenomena,  since  they  can 
only  be  explained  by  the  Theory  of  Descent,  must  also  be 
considered  as  important  inductive  data  of  the  latter. 

Exactly  the  same  is  true  of  all  the  remarkable  pheno- 
mena which,  in  the  "Household  of  Nature,"  we  observe  in 
the  economy  of  the  organisms.  All  the  various  relations  of 
animals  and  plants,  to  one  another  and  to  the  outer  world, 
with  which  the  (Ekology  of  organisms  has  to  do,  and  espe- 
cially such  interesting  phenomena  as  those  of  parasitism,  of 
family  life,  of  the  care  of  young,  and  of  socialism, — all  admit 
of  simple  and  natural  explanation  only  by  the  Doctrine  of 
Adaptation  and  Heredity.  While  it  was  formerly  usual  to 
marvel  at  the  beneficent  plans  of  an  omniscient  and  bene- 
volent Creator,  exhibited  especially  in  these  phenomena,  we 
now  find  in  them  excellent  support  for  the  Theory  of 
Descent ;  without  which  they  are,  in  fact,  incomprehensible. 

Finally,  the  whole  of  Ontogeny,  the  history  of  the  indi- 
vidual evolution  of  all  organisms,  is  an  important  inductive 
foundation  of  the  Theory  of  Descent.  But  as  this  subject 
-vnll  be  especially  treated  in  later  chapters,  nothing  further 
need  be  said  of  it  herei     Step  by  st«p,  I  shall  endeavour 
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to  show  that  the  whole  of  the  phenomena  of  Ontogeny 
forms  a  connected  chain  of  evidence  in  favour  of  tho  truth 
of  the  Theory  of  Descent,  and  that  they  can  be  explained 
^nly  by  Phylogeny.  With  the  aid  of  this  close  causal 
connection  between  Ontogeny  and  Phylogeny,  and  by 
constantly  appealing  to  our  fundamental  law  of  Biogeny, 
we  shall  he  gradually  able  to  prove  from  the  facts  of  On- 
togeny that  Man  is  descended  fix>m  the  lower  animals. 

In  conclusion,  it  must  be  mentioned  that  very  recently 
the  important  theoretical  question  as  to  the  nature  and  idea 
of  "  kind,"  or  "  species,"  which  is  the  point  on  which  really 
hang  all  the  disputes  about  the  Theory  of  Descent,  has  been 
definitely  settled.  For  more  than  a  century  this  question 
was  discussed  from  the  most  varied  points  of  view,  without 
resulting  in  a  satisfactory  settlement  During  that  time 
thousands  of  zoologists  and  botanists  have  occupied  them- 
selves in  systematically  distinguishing  and  describing 
species,  without,  however,  any  clear  idea  of  the  meaning 
of  "species."  Many  hundred  thousand  vegetable  and 
animal  forms  were  set  up  and  marked  as  good  species, 
though  even  those  who  declared  them  such  were  unable  to 
justify  the  proceeding,  or  to  give  logical  reasons  for  thus 
distinguishing  them.  Endless  disputes  arose  among  tho 
"  pure  systematizcrs,"  on  the  empty  question,  whether  the 
form  called  a  species  was  "a  good  or  a  bail  species,  a  species 
or  a  variety,  a  sub-species  or  a  group,"  without  the  question 
being  even  put  as  to  what  these  terms  really  contained  and 
oom prised.  If  they  had  earnestly  eudeavoured  to  gain  a 
clear  conception  of  the  terms,  thoy  wcjuhl  loiig  ago  liav«fc 
perceive<l  that  they  have  no  absolute  meaning,  but  are 
merely  stages  in  the  classification,  or  systematic  categories, 
and  of  relative  importance  only. 


II6  THE   EVOLUTION  OF   MAN. 

It  is  true  that  in  the  year  1857  a  celebrated  and  able, 
but  very  untrustworthy  and  dogmatic  naturalist.  Louts 
Agassiz,  attempted  to  give  an  absolute  signification  to  these 
categories.  He  attempted  this  in  an  "  Essay  on  Classification,*' 
in  which  the  phenomena  of  organic  nature  were  inverted, 
and  in  which,  instead  of  explaining  these  by  natural  caused, 
he  examined  them  through  the  seven-sided  prism  of  theo- 
logical dreams.  Every  " good  species,  or  bona  species"  is, 
according  to  him,  "  an  embodiment  of  a  creative  thought  of 
God."  But  this  fine  phrase  is  as  little  able  to  hold  its 
ground  against  the  criticism  of  natural  science,  as  all  other 
attempts  to  preserve  an  absolute  conception  of  species.  I 
think  I  have  demonstrated  this  sufficiently  in  my  Generelle 
Morpliologie  (vol.  ii.  pp.  328-402),  in  the  exhaustive  critique 
there  given  of  the  morphological  and  physiological  idea  of 
species  and  of  systematic  categories. 

Moreover,  Agassiz  can  himself  hardly  have  believed  his 
theosophic  phrasea  This  great  American,  who,  as  Cams 
Sterne  rightly  said,  laid  the  foundation  of  much  natural 
science,^  was,  in  reality,  gifted  with  too  much  genius 
actually  to  believe  in  the  truth  of  the  mystic  nonsense 
which  he  preached.  Crafty  ailculation.  and  well-judged 
reliance  on  the  want  of  understanding  of  his  credulous 
followers,  can  alone  have  given  him  courage  to  pass  the 
juggler's  pieces  of  his  anthropomorphic  Creator  as  true  coin. 
The  divine  Creator,  as  represented  by  Agassiz,  is  but  an 
idealized  man,  a  highly  imaginative  arcliitect,  who  is  always 
prepaiing  new  building  plans  and  elabomting  new  species. 
(Cf.  Chap.  III.  of  the  "  History  of  Creation,"  and  also  "  The 
Aims  and  Methods  of  the  History  of  Evolution."  Jena, 
1675.) 
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When,  in  1873,  the  grave  closed  over  Louis  Agassiz,  the 
last   great   upholder  of  the   constancy    of  species   and    of 
miraculous  creation,  the  dogma  of  the  constancy  of  species 
came  to  an  end,  and  the  contrary  assumption — the  assertion 
that  all  the  various  species  descend  from  common  ancestral 
forms — now  no  longer  encounters  serious  difficulties.     All 
the  elaborate  inquiries  as  to  the  real  nature  of  species,  and 
how  it  is  possible  that  various  species  can  proceed  from 
a  single  ancestral  species,  have   now   been   brought   to   a 
perfectly  satisfactory  close  by  the  fact  that  the  shaip  de- 
marcations between  species  and  variety  on  the  one  side, 
between  species  and  genus  on  the  other,  have  been  entirely 
set  aside.     I  have  given  the  analytical  evidence  of  this  in 
my  "  Monograph  on  Chalk  Si)onges,"  ^  which  apjwared  in 
1872.     In  it  I  closely  examined  the  variations  of  all  the 
species  of  this  small,  but  highly  instructive  group  of  animals, 
and   demonstrated   in   every  instance  the  im|K)ssibility  of 
dogmatic  distinctions  of  s|)ecies.     Just  in  [)roiK>rtion  as  the 
systematizer  takes  the  ideas  of  Genus,  Species,  and  Varieties 
in  a  wider  or  narrower  sense,  he  distinguishes  in  the  little 
group  of  Olialk   S|)onges,  either  only  a  single  genus  with 
3  sjKJcies,  or  3  genera  with  21   s|)ccies,  or  21  genem  with 
111   species,  or  31)  genera  with   2S0  species,  or  even    113 
genera  with  501  s|>ecies.     But  all  these  tlivei'se  forms  an*  so 
intimatelv   connected   by   nmnerous   transitions  and    inter- 
mediate  forms  that  the  eomnxm  desc«'nt  r)f  all  the  Chalk 
Sponges  from  a  single  anc<*sti*al  form,  the  Olynthus,  can  l>e 
proved  with  certainty. 

I  think  I  have  thus  <'iven  the  analytical  solution  of  the 
problem  of  the  Origin  of  Species,  ami  have  thus  .satisfied  the 
demands  of  those  opponents  of  the  Theory  of  Descent  who 


Il8  THE   EVOLUTION  OF  MAJJT. 

wished  to  see  the  origin  of  allied  species  from  a  single 
ancestral  form  proved  "in  special  instances."  Those  who 
are  not  satisfied  with  the  S3mthetic  proofs  of  the  tiiith 
of  the  Doctrine  of  Descent,  as  afforded  by  Comparative 
Anaboir)  and  Ontogeny,  Palaeontology  and  Dysteleology, 
Chorplogy  and  Classification,  may  try  to  overthrow  the 
analytic  proofs  in  the  "Monograph  on  Chalk  Sponges," 
which  was  the  product  of  five  years  of  the  closest  observa- 
tion. I  i-epeat :  if  any  one  still  asserts,  in  opposition  to  the 
Theory  of  Descent,  that  the  derivation  of  all  the  species 
of  a  group  has  hitherto  never  been  convincingly  shown 
in  a  special  instance,  the  assertion  is  now  completely  with- 
out foundation.  The  "  Monograph  on  the  Chalk  Sponges  " 
furnishes  this  analytic  proof  in  detail,  entirely  from  facts, 
and,  as  I  am  convinced,  also  with  incontrovertible  certainty. 
Every  natui-alist  who  will  examine  the  extensive  material 
used  in  my  investigations,  and  follow  my  statements,  will 
find  that  in  the  Chalk  Sponges,  the  various  species  can  be 
traced  step  by  step  through  the  course  of  their  evolution  in 
statu  nascentL  But,  if  this  is  really  the  case,  if,  in  a  single 
class  or  family,  the  derivation  of  all  the  species  from  a 
common  ancestral  form  can  be  shown,  then  the  problem  of 
the  Descent  of  Man  has  been  definitely  solved  ;  and  we  are 
able  to  demonstrate  the  derivation  of  man  also  from  lower 
animals. 

The  demand  which  has  been  so  often  made,  and  which 
has  recently  been  repeated  even  by  well-known  naturalists, 
that  the  derivation  of  Man  from  the  lower  animals,  and 
immediately  from  Apes,  yet  requires  "  sure  proof,"  has  thus 
been  satisfied.  These  "sure  proofs"  have  been  for  somo 
time  available  to  all  who  would  open  their  eyes  to  see  them 
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Quite  vainly,  many  so-callcd  '*  Anthropologists  "  demand  as 
proof,  that  direct  transitional  forms  between  Men  and 
Apes  should  be  found,  or  even  that  a  living  Ape  should 
be  deliberately  cultivated  into  a  Man.  Convincing  and 
"sure"  proofs  are  evident  in  the  abundant  material  which 
has  already  been  accumulated.  The  invaluable  sources 
of  Comparative  Anatomy  and  Ontogeny  afibrd  the  surest 
proof  of  Phylogeny.  It  is,  therefore,  unnecessary  to  search 
out  fresh  proofs  of  the  descent  of  the  human  race,  though 
it  is  necessary  to  recognize  and  to  learn  to  understand  the 
"  sure  proofs  "  which  have  been  obtained. 


CHAPTER  VI. 
THE  EGG-CELL  AND  THE  AMOEBA. 

The  Egg  of  Man  and  of  other  Animals  is  a  Simple  Cell.— Import  and 
Ssaential  Principles  of  the  Cell  Theory. — Protoplasm  (Gell-snbstancc), 
and  the  Nacleos  (Cell-kernel),  as  the  Two  Essential  Constitoent  Parts 
of  every  Genuine  Cell. — The  Undifferentiated  Egg-cell,  compared  with  a 
highly  Differentiated  Kind-oell  or  Nerve-cell  of  the  Brain. — The  Cell  98 
an  Elementary  Organism,  or  an  Individual  of  the  Firdt  Order. — The 
Phenomena  of  its  Life. — The  Special  Constitution  of  the  Kgg>ccll. — 
Yelk. — The  Germ-vesicle. — The  Germ-spot. — The  Egg- membrane,  or 
Chorion. — Application  of  the  Fundamental  Principle  of  Diogcny  to 
the  Egg.coll. — One-celled  organisms. — The  Amceboo. — Organization  and 
Vital  Phenomena. — Their  Movements. — Amodboid  Cells  in  Many-celled 
Organisms. — Movements  of  such  Cells,  and  Absorption  of  Solid  Matter.— 
Absorbent  Blood  Corpuscles. — Comparison  of  Amceba  with  Ei^q^-coU.— 
Amceboid  Egg-cells  of  Sponges. — The  Amoba  as  the  Common  Ancestral 
Form  of  Many-celled  Organisms. 

"The  ancestors  of  the  higher  animals  must  be  roganled  as  ono-cerc*! 
beings,  similar  to  the  Amoeba)  which  at  the  present  day  occur  in  our  rivers, 
pools,  and  lakes.  The  incontrovertible  fact  that  each  human  individual 
develops  from  an  egf^,  which,  in  common  with  those  of  all  animals,  is  a 
simple  cell,  most  clearly  proves  that  the  most  remote  ancestors  of  man 
were  primordial  animals  of  this  sort,  of  a  form  equivalent  to  a  simple  cell. 
When,  therefore,  the  theory  of  the  animal  descent  of  man  is  condemned  as 
a  '  horrible,  shocking,  and  immoral '  docti  ine,  the  unalterable  fact,  which 
can  bo  pxx)ved  at  any  momonC  under  the  mioroscopo,  that  the  haman  egg 
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Is  n  simple  cell,  which  is  in  no  waj  different  to  those  of  other  mAmmfilii, 
most  eqaall J  be  pronoanccd  'horrible,  shockiug,  and  immoral.'" — Stamm- 

BAUM  DIS  MCNSCUKNOSSCULECUIS  (1870.) 

In  order  clearly  to  understand  Ontogeny,  or  tlie  evolution 
of  the  individual  Man,  the  most  significant  of  the  many 
«v^onderful  and  varied  facts  which  meet  us  must  first 
be  brought  into  prominence,  and  then  from  the  important 
points  of  view  thus  gained,  the  innumerable  less  weighty 
and  important  phenomena  must  be  explained.  The  first 
and  most  important  point  of  view,  and,  therefore,  the 
starting-point  of  our  ontogenetic  studies^  is  the  fact  that 
every  human  individual  is  developed  from  an  entirely 
simple  cellular  egg.  The  human  egg-cell  is,  in  its  whole 
form  and  constitution,  not  essentially  different  from  those 
of  other  Mammals,  though  there  is  some  difference  between 
the  egg-cells  of  Mammals  and  those  of  other  animala 

This  most  important  fact,  the  fundamental  si^ificancc 
of  which  is  hardly  surpassed  by  any  other,  is  of  recent 
discovery.  It  was  only  in  1827  that  I3acr,  by  practical 
observation,  discovered  tlie  human  and  mammalian  egg. 
Before  that,  the  larger  vesicles,  which  in  reality  contain  the 
true  and  much  smaller  egg,  had  been  erroneously  regarded 
AS  the  eggs.  Of  course  the  important  discovery  that  the 
mammalian  egg  is  a  simple  cell  like  that  of  other  animals 
could  only  be  made  after  the  establishment  of  the  Cell 
Theoiy,  which  was  first  laid  down,  with  rc8ix?ct  to  plants, 
by  Schleiden,  and  extended  to  the  animal  kingdom  by 
Schwann  in  1838.  The  reader  in  already  aware  of  the 
great  importance  of  the  Cell  Theory  in  the  complete  ex- 
planation of  the  human  organism  and  its  evolution.  It 
therefore  seems   desirable  to  say  a  few  words  as  to  the 
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present  position   of  the  cell  theory,  and   iw  to   the  views 
commonly  held  in  connection  with  id 


Fio,  1. — Tho  hinnan  egg  from  tho  orary  of  the  female;  mnch  enlarged 
The  entire  egg  in  a  simple,  globulnr  cull.  The  greater  part  of  the  Kpherioal 
cgK-ee!l  is  tiirmcd  by  the  egg-yeifc,  or  tho  gmuular  coll-siibslBnoo  (prolo- 
rlasm),  which  is  composed  of  innamemhlc,  ilclicato  yellc.grarinlee,  with  a 
little  intervening  BobBlnnce.  The  germ-TCBicle,  anawpring  to  .lie  eelL 
Icorncl  (iiiielcii?')  lie^  in  the  npper  part  of  tho  yelk.  It  rimtniiii  a  dark 
nucleolus  nr  gcriii-Hput.  Tlie  K><>bular  inaxs  of  yelk  is  cniToniKled  by  a 
thick  (ranapui-ent  e>,-,'-i:iembrano  (lono  f.cthiri-la,  or  rlu.nnii).  This  in 
pBnotrate<l  by  tho  poro.canalg,  in  the  form  of  »cfy  nn-nemiu  hfiir-lilic  liii.M, 
I  rnilinlly  towania  tho   centre  of  the  Klel«=  i    thryn^h    theBe  the 


wl-nl 


tho  e(;g-jclk. 


;  KjKirii 


pass, 


\3  of  ill 


In  order  rightly  to  appreciate  the  Cell  Theory,  which 
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baa  been  regarded  during  the  last  thirty-five  years  as  the 
true  basis  of  all  morphological  and  physiological  know- 
ledge in  25oology  and  Botany,  it  is  especially  necessary  t » 
conceive  the  cell  as  an  integral  organism,  or,  in  o^hcr  words, 
an  independent  living  being.  When  by  dissection  we  have 
separated  the  developed  body  of  a  Man,  or  of  any  other 
animal  or  plant,  into  its  organs,  and  when  we  then  pixx;eed 
further  to  examine  by  means  of  the  microsco{)e  the  more 
minute  constituents  of  these  larger  organs,  which  give  the 
form  to  the  whole  organism,  we  are  surprised  to  find  that  all 
these  various  parts  are  made  up  of  the  same  fundamental 
constituents  or  structural  elements;  and  these  are  cells. 
Whether  we  exr.mine  anatomically  and  by  means  of  the 
microscope,  a  leaf,  a  flower,  or  a  fruit ;  or  again,  a  bone,  a 
miiscle,  a  gland,  or  a  piece  of  skin,  etc.,  we  everywhere  find 
one  and  the  same  form-element,  which  has  been  called  the 
Cell,  since  Schleiden  gave  it  that  name.  Very  different 
views  are  held  as  to  the  real  nature  of  this  cell ;  but  what- 
ever we  think  of  it,  it  must  be  regarded  as  an  independent 
life-unit.  The  tiny  cell  is,  as  Briicke  says,  "  an  elemontary 
organism,"  or,  as  Virchow  expresses  it,  a  "seat  of  life" 
(Lebenshccrd).  It  is,  perhaps,  most  accurately  descril>ed  an 
the  organic  unit  of  form  of  the  lowest  grade,  as  an  iixli- 
vidual  of  the  first  order  {GenerelU  Morp}u)UHjie^  vol.  i. 
p.  269).  This  unit  is  such  both  in  anatomical  form,  and  in 
physiological  function.  In  the  Protista,  in  the  one-cclitKi 
plants  and  primitive  animals,  the  whole  organism  p<T- 
mimently  consists  only  of  a  single  cell  On  the  contrary,  in 
most  animals  and  plants,  it  is  only  in  the  earlirst  prritxi 
of  individual  existence  that  the  organism  is  a  simple  ctli  ; 

it  afterwards  forms  a  cell-scKriety,  or,  more  correctly,  an 
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organized  cell-state.  The  human  body  is  not  in  reality  a 
simple  life-unit,  as  is  at  tii-st  the  universally  current,  simple 
belief  of  men.  It  is,  rather,  an  extremely  complex  social 
community  of  innumerable  micrascopic  organisms,  a  colony 
or  a  state,  consisting  of  countless  independent  life-units,  of 
different  kinds  of  cells.**^ 

The  term  cell  is,  in  reality,  not  well  chosen.  Schleiden, 
who  firet  introduced  it  as  a  scientific  term  in  the  sense  in 
which  it  is  used  in  the  cell  tiieory,  named  the  little  element- 
ary organisms  "cells,"  because  in  a  cross-section  of  most 
parts  of  plants,  they  look  like  chambers,  which,  like  the  cells 
of  a  honeycomb,  are  massed  together,  are  separated  by  solid 
walls,  and  are  filled  with  liquid  or  a  soft  pulpy  substance. 
This  conception  of  the  cell,  as  held  by  Schwann,  namely, 
that  it  was  a  small  closed  sac,  or  bladder,  filled  with  a 
fluid,  and  surrounded  by  a  solid  envelope,  or  wall,  continued 
]>revalent  for  a  long  time ;  but  in  the  case  of  most  of  the 
cells  in  tlie  animal  body,  it  is  altogether  inapplicable.  The 
further  the  investigation  of  the  cells  of  the  animal  body  was 
carried,  the  more  evident  it  became  that  the  cell  must  bo 


Fig.  2. — Ten  cells  from  the  liver ;  one  {h)  hns  two  Vcrnel.^. 

Fio.  3. — Three  epithelial  cells  from  the  mucous  membrane  of  the  torj^e. 
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entirely  differently  conceived  The  cell  is  now  usually 
defined  aa  a  snmll  st.-tni-soltd  or  seiiii-lluitl  (if.  iiu'itlier  wili.l 
nor  Huid)  dpnso  body,  tho  cticinical  natiiix'  (if  which  is  all.u- 
minotis, and  in  wliich  anothi.-i- small  roundisli  Imdy.^-iui-nlly 
more  solid,  and  also  alluiininous,  i.s  L-ncIosed.  An  (.iivi-Iojn; 
or  incndirane  uiay  exist,  as  la  the  case  with  most  plaiit- 
cells;  hut  it  may  he  wanting,  an  in  iii"st  aiiimal-ci-llM. 
Oriyinally  it  U  never  present.  The  y.iiini,'  cells  are  iiMiallv 
roumlish  in  fonii,  hut  they  afterwards  vary  verv  j^rcfitly. 
The  cells  from  different  |wirt«  of  the  Iiuman  Xttnly,  repre- 
sented in  Figures  2-C,  may  be  compareil  a.s  examjiles. 


Fin.  4.  — FiTf  thfirtiT,  or  Iwklo.crlU.  1I10  r.lci'*  iif  wlili'li   fil    iiil.i  micli 
Other,  fnun  the  cpidprnii*  ;  imo  (M  in  iw|iiiniir<l  fmni  tin'  n-»l. 

The  most  es.sential  feature  in  the  mixlei-n  eoiieiptinu  of 
the  cells  is,  theix'fore.  that  the  ccIMmmIv  is  coiii|hisi'1  nf  two 
distinct  |«irttt.  The  one  constituent  part  is  tin-  intur,  aii<l 
18  called  the  nucleu.t  (riitiri^liintui)  ;  this  is  gi-mridly  of  n 
round,  oval,  or  sjilierical  form,  usually  uiore  wiliii,  siiilom 
softer  than  the  pn)to]ila»m.  ami  consists  of  a  jweuliar 
albiiminnii^  substance,  the  nueli-in  or  kirml-siibstJincr  ,  tin- 
second  tiiviential  constituent  part  of  every  ell  !•<  tin-  i>ll- 
stime  or  Cfll-sul>stanei'-  thi-  protoplnsm.  i>r  ['rimitivi-  slinie 
(UrKhleh,,  of  th.-  ol.h-r  nalnrol  pl.it..M,oh..rs  .  Tlii^  pi-.t-.- 
plasm.  whii'li  siuToimds  tin'  inirli*iis,  nl-.i  I"'l-ii'.-^  in  pnjnt 
of  chemical  eomi".sition.  to  tli.-  cliLt-i  -f  alLiMniiious  m\t- 
,   and    ia   a  compound  of   carlx>ii,  containing;  some 
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atoms  of  nitrogen.  It  remains  throughout  life  in  a  soft 
condition  of  density,  or  aggi'cgation,  neither  solid  nor  Huid. 
Tile  albuminous  com(M)sitioii  of  the  protoplasm  is  similar 
to  that  of  the  nucleus,  but  is  yet  essentially  and  constantly 
diverse. 


Pio.  5. — Nino  stnr.Blmpcd  boQcccUs  with  branchpil  ptDcosnoa. 


<m:m 


Fio.  6.— Eleven  Btnr-abapcd  enamel  cells  from  a  loolh  ;  tlicy  n 
npctoil  bj  tlieir  branclictl  proccKatH. 


KEBVE-CELLEL  12/ 

Nucleus  and  protoplasm,  the  inner  cell-kcmel  and  tlie 
outer  cell-slime,  are  the  only  two  essential  constituents  of 
every  genuine  cell.  Everything  else  which  occurs  in  and 
on  the  cell,  is  of  secondary  importance,  as  it  develops  after- 
wards ;  the  membrane,  which  may  be  variously  constituted, 
^.nd  is  often  very  thick ;  the  intermediate  cell-mass,  or  inter- 
cellular substance,  which  is  secreted  between  the  contiguous 
cells ;  and  also  the  bodies  of  various  kinds  contained  in  the 
cell,  such  as  fatty  particles,  crystals,  grains  of  colouring 
matter,  water-vesicles,  etc.  All  these  are  subordinate  and 
passive  parts,  which  ai*e  formed  by  the  activity  of  the 
protoplasm  or  are  taken  up  from  without,  and  are  of  no 
interest  to  us  at  present.  The  nucleus  and  the  protoplasm 
are  the  only  two  active,  essential,  and  always  present  parts 
of  the  cell-organism. 

In  contrast  to  the  simple  cell  (Fig.  1,  p.  122),  let  us 
compare  with  it  a  large  nerve-cell,  or  ganglion-cell  of  the 
brain.  The  egg-cell  potentially  represents  the  whole 
animal — that  is,  it  possesses  the  capacity  to  develop  from 
itself  the  entire  multi-cellular  animal  body;  it  is  the 
common  mother  of  all  the  generations  of  innumerable  cells, 
whicl:  form  the  various  tissues  of  the  animal  body :  in  a 
certaiii  sease  it  unites  in  itself  their  various  powers,  but 
only  potentially,  only  in  design.  In  direct  contrast  to  this, 
tho  nerve-cell  of  the  brain  (Fig.  7)  is  an  extremely  one- 
sided formation.  It  cannot,  like  the  egg-cell,  develop 
from  itself  numerous  generations  of  cells,  of  which  some 
transform  themselves  into  skin-cells,  some  into  flesh-cells, 
and  others  into  bone-cells,  eta  But  instead,  the  nerve-cell 
which  is  formed  for  the  highest  activities  of  life,  possesses 
the  capacity  to  feel,  to  will,  to  tliink.     It  is  a  true  mind- 
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Pio.  7. — A.  Xta^  branched  norre-oell,  or  "  mindoell,"  from  the  brain  of 
an  Electric  Fish  (I'oi-podo)  ;  600  times  tho  natuml  sIeo.  The  largo,  bright, 
{^lobular  kernel  (nucleus)  lies  in  the  centre  of  the  cell  ;  this  nuclcas  contains 
a  nnclooluB,  and  in  that,  again,  there  is  a  nucleolinus.  The  protoplasm  of 
tho  coll  has  separated  into  innumerable  fine  threads  (or  fibrillad),  which  are 
embedded  in  tho  inter-cellular  substance,  and  which  pass  out  into  the 
branched  processes  of  the  cell.  An  nn branched  process  (a)  pasaea  over 
into  a  nerve  vessel.     (After  Max  Scbaltse.) 

cell,  an  elementary  organ  of  mental  activity.  Correspond- 
ingly, it  has  an  extremely  complex  minute  structure.  Innu- 
merable filaments  of  exceeding  fineness,  which  may  be  com- 
pared to  the  numerous  electric  wires  of  a  great  central 
telegraph  station,  traverse,  crossing  each  other  again  and 
again,  the  finely  granulated  protoplasm  of  the  nerve-cell 
and  pass  into  branched  processes,  which  proceed  from  this 
mind-cell,  and  connect  it  with  other  nerve-cells  and  nerve- 
fibres  (a,  6).  It  is  scarcely  possible  to  trace,  even  approxi- 
mately, the  tangled  paths  of  these  filaments  in  the  fine 
substance  of  the  protoplasmic  body. 

We  thus  have  before  us  a  highly  complex  apparatus, 
the  more  minute  structure  of  which  we  have  hardly  begun 
to  know,  even  with  the  help  of  our  strongest  microscope, 
and  the  significance  of  which  we  rather  guess  than  know. 
Its  complex  mechanism  is  capable  of  the  most  intricate 
psychical  functiona  But  even  this  elementary  oi-gan  of 
mental  activity,  of  which  there  are  thousands  in  our  brain, 
is  only  a  single  cell.  Our  whole  intellectual  life  is  but  the 
«um  of  the  results  of  the  activity  of  all  such  ncrvc-cells  or 
mind -cells.  In  the  centre  of  each  cell  lies  a  large  trans- 
parent ball,  which  encloses  a  siuullrr  dark  Ixxly.  This  is 
the  nucleus  which  contains  the  nuch'olus.  Here,  as  every- 
where, the  nucleus  determines  the  individuality  of  the 
cull,  and  shows  that  the  entire  formation,  notwitlistanding 
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its  minute  and  complex  stmcture,  is  in  form  only  a  single 
cell. 

In  contrast  to  this  highly  complex  specialized  mind- 
cell  (Fig.  7)  is  the  egg-cell  (Fig.  1),  which  is  in  no  way 
specialized.  Yet  here,  also,  we  are  obliged  to  infer  from  its 
active  properties  a  highly  complex  chemical  composition  of 
its  protoplasmic  substance,  and  a  minute  molecular  struc- 
ture, which  aie  completely  hidden  from  our  eyea 

The  description  of  these  cells  as  elementary  organisms, 
or  individuals  of  the  first  order,  must  be  somewhat  qualified. 
For  cells  by  no  means  represent  quite  the  lowest  grade  of 
organic  individuality,  as  that  is  usually  understood.  There 
are  yet  more  simple  elementary  organisms  at  which  we 
will  now  give  a  passing  glance,  in  order  to  return  to 
them  hereafter.  These  are  cytods :  living,  independent 
existences  which  consist  merely  of  an  atom  of  plasson  ;  in 
other  words,  of  an  entirely  homogeneous  atom  of  an  albu- 
minous substance,  which  is  not  yet  differentiated  into 
nucleus  and  protoplasm,  but  exercises  the  properties  of  both 
united.  For  example,  the  remarkable  Monera  are  cytods 
of  this  kind.  (Cf.  Chapter  XVI.)  Strictly  speaking,  we 
should  say :  the  elementary  organism,  or  the  individual  of 
the  first  order,  occui*s  in  two  different  gradea  The  fii*st  and 
lowest  is  the  cytod,  which  consists  merely  of  an  atom  of 
simple  plasson.  The  second  and  higher  gi*ade  is  the  cell, 
which  has  been  differentiated  into  nucleus  and  protoplasm. 
l>oth  grades,  cytods  and  cells,  are  giouped  together  under 
the  idea  of  sculptors  or  builders,  because  they  alone  in 
reality  build  the  organism.^  But  in  higher  animals  and 
plants,  such  cytods  do  not,  as  a  rule,  appear,  so  that  only 
actual  nucleated  cells  occur.    Here,  therefore,  the  elementary 
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individual  always  consists  of  two  different  parts,  the  outer 
protoplasm  and  the  inner  nucleus. 

In  order  to  be  thoroughly  convince*!  tliat  every  cell  is 
an  independent  organism,  it  is  only  necessary  to  ti*ace  the 
active  phenomena  and  the  development  of  one  of  these  tiny 
bodies.  We  then  see  that  it  performs  all  the  essential  life- 
functions  which  the  entire  organism  accomplishes.  Every 
one  of  these  little  beings  grows  and  feeds  itself  indepen- 
dently. It  assimilates  juices  from  without,  absorbing  them 
from  the  surrounding  fluid ;  the  naked  cells  can  even 
take  up  solirl  particles  at  any  point  of  their  surface,  and 
therefore  eat  without  using  any  mouth  or  stomach. 
(Cf.  Fig.  1.').)  Each  sej)arate  cell  is  also  able  to  re- 
produce itself  and  to  increase  (Fig.  N).  This  increase 
generally  takes  place  by  simple  division,  the  nucleus  parting 
first,  by  a  contraction  round  its  circumference,  into  two 
parts;  after  which  the  protoplasm  likewi.se  separates  into 
two  divisi(ms.     The  single  cell   is  also  able   to  move  and 

Fio.  8.  —  Bloocl-cells,  which  incrca-<o  by 
divisioQ,  from  tho  embryo  of  a  ynnii^c  kJs»j.'- 
Each  1»Ukm!-coII  has  ori'^itiaUy  a  korncl,  ami  is 
l^lobiilar  (a).  When  th«»y  arc  nlH)iit  to  m- 
crease,  the  c*'l!-koniel,  or  iiucIcuh.  first  Mi'|»;ir- 
ates  into  two  kernels  C*.  r,  </).  The  protoplas- 
mic body  then  bocoaic^n  pinche<l  in  at  a  |M)Mit 
botwocn  the  two  keriioN,  which  bfcouie  iih'P- 
wiilely  HOparatetl  fn>m  each  other  (r).  F'iii.-illy 
a  conipleto  Kefiaration  lM«twt»en  the  two  |>:irt«« 
it  olfcctod  at  the  |ioint  where  the  original  eel  I 
wnjt  jMnch<Ml  in,  «<>  that  there  are  m<»w  t\v<> 
celU  (/).     (.\fter  Kr.y.) 

creep  abt)ut,  if  it  has  room  for  fn'r  inotiMii.  au<l   is  nnt  pn*- 
vented  by  a  solid  covering  ;  from   its  <»uter  surface,  it  sends 
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out  and   draws   back   again,  finger-like   processes,  thereby 
modifying  its  form  (Fig.  9).     Finally,  the  young  cell  has 


Fig.  9.— Active  cells  from  the 
inflamed  eye  of  a  Fro;^  (from  the 
watery  moistuix}  of  the  eye,  the 
humor  aqueus).  The  naked  cells 
move  freely  and  creep  about ; 
like  Amosbas  and  Bhizopods  they 
accomplish  this  by  extending  deli- 
cate processes  from  their  naked 
protoplasmic  bodies.  These  pro- 
ccsises  continually  alter  in  number, 
fonn,  and  size.  The  kernel  of  these . 
aniGoboid  lymph-cells  is  not  visible, 
being  covered  by  the  nuwerons  deli- 
cate granules  which  ai*o  scattered 
in  the  pi\)toplasui.     (After  Frcy.) 


feeling,  and  is  more  or  less  sensitive.  It  performs  certain 
movements  on  the  application  of  chemical  and  mechanical 
irritants.  Thus  we  can  tmce  in  every  single  cell  all  the 
essential  functions,  the  sum  of  which  constitute  the  idea  of 
life:  feeling,  motion,  nutrition,  reproduction.  All  these 
properties  which  the  multi-cellular,  highly  developed  animal 
j>osscsses,  appear  in  each  separate  cell,  at  least  in  its  youth. 
There  is  no  linger  any  duuht  about  this  fact,  and  Ave  may 
therefore  regaid  it  as  the  basis  of  our  physiological  idea  of 
the  elementary  organism. 

Without  lint^erinjnr  here  over  the  cxtremclv  interest- 
ing  phenomena  of  cell-life,  we  will  at  once  attempt  to 
apply  the  Cell  Theory  to  tlie  egg.  The  eoinp:irisv)n  which 
we  have  made  leads  to  tlie  important  result  that  wo 
must  regard  every  egg  as  originally  a  simple  cell.  This 
is  of  the  highe^st  significance,  because  the  whole  Science  of 
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Ontogeny  can  be  demonstrated  in  answer  to  the  problem : 
'*  How  does  a  many-celled  organism  arise  from  a  one-celled 
organism  ? "  Every  individual  organism  is  originally  a 
%imple  cell,  and  as  such,  an  elementary  organism,  or  an 
individual  of  the  first  order.  It  is  only  at  a  later  period 
that  this  cell  gives  rise,  by  division,  to  a  multitude  of  cells, 
from  which  the  many-celled  organism,  an  individual  of  a 
higher  order,  is  developed. 

If  we  next  observe  somewhat  more  closely  the  original 
composition  of  the  egg-cell,  we  notice  the  very  remark- 
able fact,  that  in  its  original  condition  it  is  so  exactly 
the  same  in  Man  as  in  all  other  animals,  Uiat  it  is  im- 
possible to  discover  any  essential  diffcrenca  At  a  later 
period,  the  eggs,  even  when  they  remain  one -celled,  are 
veiy  different  in  size  and  form,  have  different  coverings,  eta 
But,  if  they  are  sought  in  the  place  where  they  originate, 
in  the  ovary  of  the  female  animal,  these  primitive  eggs,  in 
the  first  stages  of  their  life,  arc  found  to  be  always  of  the 
same  foimation — every  primitive  egg  being  originally  an 
entirely  simple,  somewhat  round,  moving,  naked  cell,  pos- 
sessing no  membrane,  and  consisting  only  of  the  nucleus 
and  pi-otoplasm  (Fig.  10).  Those  two  parts  have  long 
borne  distinctive  names;  the  proUiplasm  being  called  the 
vilellus,  or  yelk,  and  the  nuchus  the  grniiinal  vesich', 
{^vesicula  genniiuUiva).  As  a  rule,  the  nucleus  of  the  egg 
is  of  a  soft,  often  vesicular  texture.  Within  this  nucleus, 
as  in  mauy  other  cells,  is  enclosed  a  third  Ixxly,  which  in 
ordinary  cells  is  called  the  nucleolus.  In  the  egg-cell  it  is 
called  the  germinal  spot  {macula  gcnuinutiva).  Lastly,  in 
many,  but  not  in  all  eggs,  within  this  germinal  spot,  is  found 
yet  another  little  point,  a  nudeolinus,  which  may  be  called 


I'lu.  10.—  I'riniitivo  egy»  of  various  antmniB,  [H'rfomiing  mnfoboicl  move- 
Dionts  (very  tnucli  eiilnrgud).  All  [iiiiuit  ivt  fgK'""'e  iinkpil  cells,  cnpablo  of 
cliango  of  torm.  Within  tlics  diirk,  fiiielv  prntiiilotcd  iiiiitoplaain  (ejtg-Tpll;) 
lies  B  largo  vesicular  kcrnul  (llio  frcrni-vuKiL-lf),  and  in  the  Utier  It  a 
nucleolus  ();;rrm'a{iot) ;  in  tlio  niic1<Hilu8  n  iii'riii .point  (iinclcoliiiua)  is  uFton 
viaililc-.  Fi(r.  A  1—A  i.  Tlie  primilivc  pna  of  n.  Clintk  (i[mnf!r  (Leiicahiiit 
ecliimi'),  in  fotir  muPL-ciitivp  i-oniliti.OH  i>r  ninlion.  Fir.  li  1  -11  H.  Tlie 
prijnilive  cjjk  "f  n  Ucrniil-cixil)  (lUt-iiilfirnnIKu!-  rnmHtus),  in  djjlit  cciti-e- 
eutivo  cotiJiliuiiH  of  uiulitm  (uFliT  K.  r:u\  Iltrnecleu}.  Fig.  (.'  I-C  5- 
Pi-itiiitivocggi>f  nCnt.in  fuur  (lilTerpiit  (iiiiilitiDnH  nf  nioUon  (after  I'flugor). 
FiR.  I*.  I'riutitiv-  ..™  i,f  .,  Tr..iit.     Vv_.  K.  I'riinitive  rgg  o(  a  He...     Fi» 
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the  germinal  point  (punctum  germinativum).  But  these 
last  two  parts,  the  germinal  spot  and  the  gemiinal  point,  are 
only  of  subordinate  importance ;  only  the  first  two  partes  are 
of  primary  importance,  the  protoplasm  (ViicUus)  and  the 
nucleus  (vesicula  gei^minativa). 

In  many  lower  animals,  for  example,  in  Sponges  and 
Meduscc,  the  egg-cells  retain  their  entirely  simple  original 
nature  until  fertilization.  But  in  most  animals  they 
undergo  certain  changes  before  that  time;  they  sometimes 
acquire  certain  additional  Protoplasm,  which  serves  for  the 
nourishment  of  the  egg  (food-yelk),  sometimes  outer  en- 
velopes or  membranes,  which  serve  for  its  protection 
(egg-membranes).  An  envelope  of  this  sort  appears  on  all 
mammalian  eggs  in  the  course  of  their  further  develop- 
ment. The  little  sphere  is  surrounded  by  a  thick  covering 
of  a  perfectly  transparent,  glass-like  nature,  which  is  dis 
tinguished  as  the  zona  pellucida,  or  chorion  (Fig.  1 1).  When 
this  is  very  closely  examined  under  the  microscope,  very 
fine  radial  lines  may  be  distinguished,  traversing  the  zona ; 
these  are  very  fine  canals.  The  human  egg  cannot  ha 
distinguished  from  that  of  most  other  Mammals  either 
in  its  immature  or  in  its  more  complete  condition.  It« 
form,  its  size,  its  compa<<ition,  are  approximately  the  sanjr 
in  all.  In  its  fully  developed  condition,  it  has  an  average? 
liameter  of  y^j  of  a  line,  or  0  2  millimetres.  If  the  mam- 
malian egg  is  pro|>erly  isolated  and  heM  on  a  glass  plato 
toward  the  light,  it  appears  to  the  nak(Ml  eyo  as  a  very  fine 
|K)int  The  eggs  of  most  of  the  higher  Mammals  are  of 
exactly  the  same  size.  The  diameter  of  the  Hpherical  egg- 
cell  almost  always  measures  from  ^^  to  ^V?  of  a  line  (J — j^-j 
of  ft  millimetre).     It  has  always  the  same  sphencal  form. 
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always  the  same  characteristic  thick  covering ;  always  the 
same  clear,  round  germinal  vesicle  with  ita  dark  germinal 
spot.     Even  undei   the  highfst  magnifying   power  of   the 


Fio.  11.— A  hnman  ef[g  (much  oiiliiri,nl)  rimii  I'li'  oiaiy  of  a  frmale. 
Tho  whole  pgg  is  a  aim\i\e  E|ihprical  cell  1  he  ^ic  il.r  |miCi>r  Ihii  cell  is 
furuind  by  llio  c^fg  jclk  lij  ttiu  ipviiiiliu:  cell  8ub->tiinc<.  ([irobiplnsni),  con- 
sisting of  iiiy-iimcmblo  }i1k-f(nuiu1i.a  with  a  httio  inter  grnniilar  subaloDCK. 
Id  tbo  upper  pnrt  of  the  jolk  lion  the  bright,  glubul-ir  girm-veHicIc,  con-c- 
Hpondiiig  witb  tho  cell  kcinci  (nucFriiir)  This  lontnins  n  darker  )^>Tni.H]>oi, 
onewfriiig  to  tho  nucleolus  The  n'"''''!''!'  jelk  luaas  ia  Burroundcd  by 
a  thick,  light-culoiiicd  <C),  nieii.biiinc  (  <»a  pell,  ,,'la  or  rhorio',).  This  is 
traversed  by  veij  iiiimcrous  hmr  bke  lines  rndiftting  lownids  tho  ccotml 
point  ot  the  \oass  tbeEC  arc  the  pomus  cnnala  IhrouKb  wbicb,  in  the  course 
or  fcrtiliMtion,  tho  tbreatl  shaped,  arlice  ipcrm-cells  i>ni]Ctrtkta  into  Ibtt 
effjt-relk. 
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best  microscope,  there  appears  to  be  no  essential  di (Terence 
between  the  eggs  of-  Man,  of  the  Ape,  of  the  Dog,  etc. 
This  does  not  mean  that  they  are  not  really  different 
in  these  different  Mammals.  On  the  contrary,  we  must 
assume  that  such  difl'erences,  at  least  in  point  of  chemical 
composition,  exist  universally.  Even  of  human  eggs,  each 
differs  from  the  other.  In  accordance  with  the  law  of 
individual  variation,  we  must  assume  that  '.'all  individual 
oi^anisms  are,  from  the  very  beginning  of  their  in- 
dividual existence,  different,  though  often  very  similar." 
(Oen.  Morph,  voL  ii.  p.  202).  But  with  our  rough  and 
incomplete  apparatus  we  are  not  in  a  position  actually 
to  perceive  these  delicate  individual  differences,  which 
must  often  be  sought  only  in  the  molecular  structure.  Yet 
in  spite  of  this,  the  remarkable  morphological  similarity 
of  human  and  mammalian  eggs,  which  has  the  appearance 
of  absolute  similarity,  remains  a  strong  argument  in  favour 
of  the  common  descent  of  Man  and  the  other  Mainmals. 
The  similar  embryo-form  bears  witness  to  the  common 
parent-form.  On  the  other  hand,  there  are  striking  i)ccu- 
liarities  by  which  the  ripe  mammalian  egg  may  be  very 
easily  distinguished  from  the  ripe  eggs  of  Dirds  and  other 
Vertebrates.     (Cf  the  end  of  Chapter  XXV.) 

The  ripe  egg  of  the  Bird  is  especially  different,  althou^li 
as  a  primitive  egg  (Fig.  10,  E)  it  was  entirely  similar  to 
that  of  Mammals.  But  the  egg-cell  of  the  Bird  at  a  later 
period,  though  while  still  within  the  oviduct,  absorbs  a  mass 
of  food  which  it  elaborates  into  the  large  and  well-known 
yellow  yelk.  If  a  very  young  Q^g  from  the  ovary  of  a  hen 
is  examined,  it  is  found  to  be  exactly  like  the  young  ep^g- 
cells  of  Mammals  and  other  animals  (Fig.  10).    But  it 


138  THE  EVOLUTION  OF  BfAN. 

afterwards  grows  so  considerably  that  it  expands  to  tiie 
well-known  yellow  ball  of  yelk.  The  nucleus,  or  the  germi- 
nal vesicle,  of  the  egg-cell,  is  thus  pressed  on  to  the  surface 
of  the  spherical  cell,  and  is  there  embedded  in  a  small  mass 
of  clear,  so-called  white  yelk.  This  then  forms  a  circular 
white  spot,  which  is  called  the  tread,  or  cicatricle  (cicar- 
tricuZa,  Fig.  12,  b).  From  the  tread  a  thin  cord  of  white 
yelk  passes  through  the  yellow  to  the  middle  of  the  round 
cell,  where  it  swells  to  a  little  central  ball,  the  falsely-called 
yelk-cavity  (latebra,  Fig.  12,  d).  The  yellow  yelk,  which 
surrounds  this  white  yelk,  appears  in  the  hardened  egg 
in  concentric  layers  (c).  The  yellow  yelk  is  encircled  by 
a  delicate  structureless  yelk-skin  (merfibrana  vitellina,  a). 

Of  late  it  has  been  widely  believed  that  the  large  yellow 
egg-cell  of  the  Bird,  which  in  the  case  of  the  largest  birds 
reaches  a  diameter  of  several  inches,  cannot  be  regarded  as 
a  simple  cell.  But,  with  Gegenbaur,  we  believe  this  view 
to  be  erroneous.  The  unimpregnated  and  unsegmented  egg- 
cell  of  the  Bird,  with  its  simple  nucleus,  remains  a  simple 
cell,  even  though  its  yellow  yelk-substance  increases  very 
greatly.  Every  animal  which  consists  of  a  single  cell,  every 
Amceba,  every  Gregarina,  every  Infusorial  animal,  is  one- 
celled,  and  remains  so,  however  much  food  of  various  kinds 
it  absorbs.  In  the  same  way  the  egg-cell  remains  a^simple 
cell,  however  much  food-yelk  it  may  afterwards  collect 
within  its  protoplasm.  Gegenbaur  has  proved  this  clcarl} 
in  his  excellent  work  on  the  embryos  of  Vertebrates  *^ 

The  Bird's  egg,  of  course,  assumes  a  different  form  a.M 
soon  as  it  is  fertilized.  Its  germinal  vesicle,  or  nucleus,  then 
separates  by  repeated  division  into  many  parts,  and  tin; 
protoplasm   of    the    tread,  which   surrounds    it,    is  corre- 
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flpondingly  divi<leti.  At  Ihh  stage  the  egg  consists  of 
iw  many  cells  fts  tlmre  ftn;  inidei  in  the  tiead,  Heiiei>,  tha 
yellow  Imll  of  yelk  of  the  iin|ircgiiatt;il  pgg,  as  it  is  laid, 
and  as  we  eat  it  every  day,  is  ali-vady  a  many-celled  Uxly. 
Its  tread  is  cimiposed  of  ninny  cells,  and  is  now  dis- 
tinguished aa  the  genn-disc  {discus  bloKlodemiicun).  In 
the  eighth  chai)ter  we  sliall  refer  to  tliis  again. 


Pic.  12— a  ripn  epgccll  from  tha  oTnrj 
or  ft  hen.  Thu  jcllow  nutrilivo  yplk  (r)  u 
comiwicd  of  ninnj  cuncciitric  stiata  (<f)  ami 
is  ■utTOUiidnl  hj  n  tliin  jplk.mcmlirana  |n] 
Tlio  cell-krmpl,  or  nerm-TMicIc,  lies  in  tht 
Dppcr  port,  in  Ihc  trrnd  (6).     From  tliU  tlx 

yclkcavilT    (<!').      Tlio   two    kiniU  nf    tcU 
KTS  not,  Imjwcht,  dialiireily  ■(■jKnUnl. 


After  tlie  rii>e  egg  of  the  Bird  (Fig.  12)  has  left  the  ovary 
and  ha.s  l>eeii  fertilized  in  the  oviduct,  it  surrounds  iti^elf 
with  various  coverings  which  are  secri'ted  from  the  inner 
Rurface  of  the  nvidnet  'Hie  thii-k  layer  of  transparent 
aHminen  first  forms  round  the  yellow  yelk  ;  this  is  followed 
hy  the  formation  of  the  out^r  calcareouM  shell,  within  whith 
lies  another  envelojH;  of  skin  All  these  coverings  and 
additions  which  are  gradually  fonued  around  the  egg.  are  of 
no  imifirtance  to  the  rievelopinent  of  the  enihryo ;  they  are 
partM  that  have  n'lthing  t"  do  wilh  the  originni  sim|il<'  egg- 
cell,  Kven  in  thi-  ease  of  other  aiiiuials  wi'  often  Hiid  very' 
large  <'ggs  with  thick  eoveringv.-  fur  examjile.  in  that  of 
the  Shark.  In  this  case  also  th.'  igg  is  onginiilly  i\actly 
similar  to  those  of  MannnaJs,  that  is,  it  is  a  Nimjile  naked 
ei-U.     Hut,  as  in  the  ccse  of  Birds,  a  considcrahle  <niant;ty 
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of  food-yelk  ia  collected  within  the  original  yelk,  aa  pro- 
vision for  the  growing  embryo :  vaiioua  coverings  are 
formed  around  the  egg.  The  e^-cells  of  many  -ither 
animals  receive  similar  internal  and  external  additions. 
Bat  a;  these  are  always  of  subordinate  importance  in  the 
formation  of  the  embryo  itself,  serving  either  as  food,  or  as 
a  protecting  covering  for  the  embryo,  we  may  disregard 
them  entirely,  and  turn  our  attention  to  the  most  important 
point, — the  eaaetUial  nmilarity  of  the  original  egg-ceUa  of 
Man  and  other  animals  (Fig  10). 

Let  us  here  make  use  for  the  first  time  of  our  funda- 
mental biogenetic  law,  and  apply  this  causal  law  of  develop- 
ment directly  to  the  human  egg-cell.  This  results  in  an 
extremely  simple,  but  highly  important  conclusion.  From 
Hie  one-celled  organization  of  the  hwman  egg  and  of  tiie 
eggs  of  the  other  aniTnals,  the  conclusion  directly  follows, 
according  to  this  fundamental  law  of  Biogeny,  that  all 
animcds,  including  Man,  descend  originally  from  a  one- 
celled  organism.  If  that  fundamental  principle  ia  really 
true,  if  germ-history  or  the  development  of  the  individual 
is  an  epitome  or  a  brief  reproduction  of  the' tribal  histoiy  or 
the  development  of  the  race  (and  it  is  impossible  to  doubt 
this),  then,  from  the  fact  that  all  eggs  are  originally  simple 
cells,  we  must  necessarily  conclude,  that  all  many-celled 
oi^nisms  are  descended  from  a  one-celled  organism.  As, 
however,  the  original  egg-cell  has  the  same  structure  in  the 
case  of  Man  as  in  that  of  all  other  animab,  wc  may  i^eason- 
ably  assume  that  this  one-celled  original  form  was  probably 
the  common  one-ccllod  ancestral  organism  of  tlic  whole 
animal  kingdom,  including  Man.  But  this  last  hypothesis  is 
by  no  means  as  certain  as  the  former  conclusion. 
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The  inference  from  the  one-celled  germ-form  to  the 
one-celled  parent-form  is  so  simple,  and  yet  so  full  of  sig- 
nificance, that  it  is  impossible  to  lay  too  much  stress  upon 
it.  Naturally  the  first  question  arising  is,  whether  there 
exist  at  the  present  day  any  one-celled  organisms,  from  the 
foi*m  of  which  we  may  dmw  an  approximately  correct 
conclusion  as  to  the  one-celled  ancestors  of  many-celled 
organisms  ?  The  answer  to  this  question  is  undoubtedly 
affirmative.  There  are  most  certainly  one-celled  organ- 
isms now  in  existence,  the  whole  organization  of  which  is 
but  that  of  a  permanent  egg-cell ;  there  are  independent 
one-celled  organisms,  which  never  undei^o  any  further 
development,  which  pass  their  whole  lives  as  simple  cells, 
and  as  such  reproduce  themselves  without  attaining  to  any 
higher  development.  We  now  know  a  great  number  of  such 
one-celled  organisms, — for  example,  the  Qregarina,  Flagellata, 
Acineta,  Infusoria,  etc.  But  one  among  them  is  especially 
interesting  to  us,  because  it  affords  the  most  complete 
answer  to  our  question,  and  must  be  regarded  as  the  one- 
celled  primary  organism  which  most  nearly  approaches  the 
type-foim  of  the  race.     This  organism  is  the  Aina^ba. 

The  name  AmGebie  has  long  been  applied  to  a  nunil>er  of 
microscopic  one-celled  organisms,  which  are  by  no  means 
rare,  and  are  indeed  widely  distributed,  principally  in  fi-esh 
water,  but  also  in  the  ocean ;  lately  they  have  \>ecn  found 
inhabiting  moist  earth.  When  one  of  these  living  Aiiicjebte 
is  placed  in  a  drop  of  water  under  the  microscojx;  and 
greatly  magnifieJ,  it  appears  to  be  a  roundish  body  of  very 
irregular  and  varying  form  (F'ig.  13).  Enclosed  in  the  soft, 
slimy,  half-iluid  botly.  which  consists  of  protoplasm,  we  can 
only  see  a  small  wlid  or  vesicular  substance,  which  is  the 
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nucleus.  This  iinicellular  body  now  begins  to  move,  and 
crawls  about  in  various  directions  on  the  glass,  on  which  we 
are  observing  it.     The  shapeless  body  accomplishes  these 

Fio.  13.— A  creeping  Ammba  (mnch  en- 
larged). The  fortu.valne  of  the  wliole  or- 
ganiam  is  that  o(  a  simple  naked  cell,  which 
inoTes  about  b;  meuae  of  variable  prucesaes, 
BometimcB  extonded  [rom  Uie  protoplasm  of 
y^  its  body,  tometimeB  dntwn  in.  In  the  oeotre 
is  the  round  kerael,  or  Daclean,  with  it«  na- 

niovements  by  extending  finger-like 
processes  from  various  points  of  its 
surface,  which  are  moved  in  slow  but 
constant  alternations,  and  draw  the  re-st  of  the  body  after 
them.  After  a  time  something  new  is  seen;  the  Amoeba 
.  suddenly  stands  still,  draws  in  its  processes,  and  assumes 
a  spherical  form.  But  .won  the  little  slimy  ball  begins  to 
spread  out  again,  and  stretches  its  processes  in  different 
directions,  and  moves  fonvard  again.  These  variable  pro- 
cesses are  called  false-feet  (Peeudopodla),  because  they 
perfonn  tlie  office  of  feet,  and  yet  are  no  special  organs,  in  a 
morphological  sense;  for  they  vanish  as  quickly  as  they 
appear,  and  arc  only  variable  extensions  of  the  semi-fluid, 
homogeneous,  and  structureless  substance  of  the  body. 

If  one  of  those  creeping  Amrebffi  is  touched  with  a 
needle,  or  if  a  drop  of  acid  is  added  to  the  water,  the  whole 
body  at  once  contracts  in  consequence  of  this  mechanical  or 
chemical  irritation.  U.sually  it  i-eassumes  its  spherical 
form.  Under  certain  circunutanccs,  for  example,  if  the 
impurity  is  retained  in  the  water,  the  Amceba  begins  to 
encase  itself.     It  exudes  a  homogeneous  envelope,  or  cap- 
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■ule,  which  immediately  hardens,  and  in  a  stAie  of  repose 
assumes  the  form  of  a  spherical  cell  surrounded  hy  a  pro- 
tecting -membrane.  The  one-celled  Amoeba  obtains  its 
food,  either  by  absorbing  dissolved  substances  directly  from 
the  water  by  imbibition,  or  by  pressing  into  itself  solid 
particles  of  foreign  matter  with  which  it  comes  into  contact 
The  latter  operation  can  be  observed  at  any  time  if  it  is 
made  to  eat.  If  finely  pulverized  colouring  matter,  such  as 
carmine  or  indigo,  is  placed  in  the  water  in  very  small 
quantities,  the  soft  body  of  the  Amoeba  can  be  seen  to 
assimilate  these  particles  of  colouring  matter,  over  which 
the  soft  substance  of  the  cell  flows  together.  The  Amoeba 
can  take  food  in  this  way  at  any  point  of  the  surface  of  its 
body,  although  it  possesses  no  special  organs  for  taking  in 
and  digesting  nutritive  matter,  no  true  mouth  or  stomach. 
By  means  of  this  assimilation  of  nutriment  and  dissolving 
the  particles  in  its  protoplasm,  the  Ainccba  grows;  and, 
after  it  has  reached  a  certain  size  by  this  process,  it  begins 
to  reproduce.  This  occurs  in  the  simplest  way,  by  division. 
The  enclosed  nucleus  first  separates  into  two  pieces.  Then 
the  protoplasm  distributes  itself  between  the  two  new 
nuclei,  and  the  whole  cell  parts  into  two  similar  cells,  in 
consequence  of  the  growth  of  the  protoplasm  round  the  two 
nuclei.  This  is  the  usual  method  of  propagation ;  the 
nucleus  first  divides  into  two  halves,  which  soimrate  from 
each  other,  and  act  as  centres  of  attraction  to  the  surround- 
ing cell-substance  or  protoplasm  (Fig.  8). 

Though  the  Amoeba  is,  therefore,  only  a  simple  cell,  it 
shows  itself  capable  of  performing  all  the  functions  of  a 
many-celled  organism.  It  moves  itself  by  creeping,  it  feels, 
it  feed^  it  reproduces  its  kind.    Some  species  of  Amoebss 
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are  quite  visible  to  the  naked  eye ;  but  the  greater  number 
are  microscopic.  Our  reasons  for  regarding  tlie  Amcebie  aa 
tliG  particular  one-celled  organisms,  the  phylogenetic  rela- 
tions of  which  to  the  egg-cell  are  of  peculiar  importance, 
will  be  evident  from  the  following  facts.  In  many  lower 
animals,  the  egg-cell  remains  in  its  original,  naked  condition 
till  it  is  fertilized ;  it  acquires  no  covering,  and  is  oflen 
indistinguishable  from  an  Amoeba.  Like  the  latter,  these 
naked  egg-cells  can  extend  processes  and  move  about.  In 
the  Sponges,  these  active  e^-cells  creep  freely  about,  as 
though   they  were   independent   Amoeba)   (Fig.    li),  even 

Fio.  14.— E|;E(.cell  of  n  Chalk  Sponge  (OItd. 

thua).     The  p^gceU  mores  tind  creeps  nbout  within 

"  variablo  prooeiisGB  which 

diBtinguisbablo   from    the 


/  "^  tho  Spougp,  Ity  nicBos  of  var 
Jj,''/  it  eiteniU.  It  ig  not  diati 
^^\        commou  Amcnba. 


within  the  parent  organism.  In  this 
condition  they  were  observed  by  earlier 
naturalists,  and  were  mistaken  for 
Amoebae,  living  as  parasitical  intrndera  in  the  body  of 
the  Sponge.  It  was  only  afterwards  that  it  was  dis- 
covered that  those  supposed  one-celled  pai^asites  were  in 
reality  the  egg-celLs  of  the  Siionge  itself  This  remarkalile 
phenomenon  is  also  found  in  other  lower  animals,  for  ex- 
ample, in  those  pretty  bell-shai>ed  Plant-animals  {Medusa) ; 
the  eggs  of  these  also  remain  en.  naked,  uncovered 
cells,  which  stretch  out  amoeboid  processes,  feed  themselves, 
move,  and  from  which,  after  fertilization,  the  many-celled 
Medusa-organism  is  indirectly  or  directly  developed  by 
repeated  division. 

It  is,  therefore,  certainly  no   wild   hypothesis,  hut   an 
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entirely  sober  conclusion,  which  rcg-iiiia  the  Amceba  as  the 
particiiiar  untscclled  organiHin  wliicli  give.t  uh  an  approxi- 
mate repreiicnlatiun  of  tht!  ancient  onc-cclicil  ancestral 
funn  common  U>  nil  many-cclloil  ori^aiiisin.s.  The  naked, 
simple  Amit^ba  pusscsscii  a  less  ilitl'crcntiaU'J  ami  more 
primary'  character  than  most  other  celU  To  tluM  may  bo 
added  the  circumstance,  that  similar  ama-boid  celU  can  be 
shown  in  the  full-grown  bodies  of  all  many-celleil  animala. 
For  example,  they  occur  a»  the  so-calU-d  white  btoi»d-cor- 
pusclca  among  the  red  blood-cells  (corpuscles)  in  himian 
IiIimhI,  and  in  that  of  all  other  Vertebrates.  They  also  occur 
in  many  Invertebrate  animals;  for  instance,  in  the  blood  of 
the  Snail ;  and  in  1850  I  showed  that  these  colourlesa  blood- 
corpuscles,  like  independent  Ama;ba?,  can  assimilate  solid 
particles,  can,  therefore,  cat  {Kig.  l.i).  Lately,  it  has  l>een 
found  that  very  many  different  cells,  if  they  have  room. 


Via.  IS.— DurourinK  b1oiKl-c<-t1*  ut  >  N&k»d  Sca-innil  IThtl")  riry 
iT>ii<.-h  iiiaK'>i1<^l-  I"  mnnpction  «rilh  ll>r>  blnodcplls  of  tho  BnniJ,  I  wtu 
thn  firit  10  obwrvi-  llii>  importaat  (act  th«t  "  (ho  blonl.crll*  of  inrcrtrbnt* 
viiinali  »re   uncorfrrd    lump*  of   tiTvUi|)luiu.  uiil.  I>kc   tlic    AiiiiDbw,    bjr 

"pal."  When  at  Sapip*  (on  tho  loih  nf  Mny.  lH5!t|  I  hmd  mjn-lnl  the 
bl«HlrciiMHl  o(  one  ot  the»  RnaiU  with  pulvpriK-d  ia.lir<>  .liM..l™l  in 
•rilrr.  t  -nt  mach  aiiK.nifliisl  (•>  liiiH  ari-r  a  fiw  iKnir.  ihtt  tU  blind 
ivIU  iticniw-lT<ii  Wfn-  tnrrr  or  !•'■■  RIUI  wiili  (tno  |>nrii<'l->  •■(  i>«liir>  Bjr 
reprated  ciprritnrnUl  iiijoctiirtiB.  I  «»•  aWc  to  natch  Ih-  atinorpiion  of  (b« 
oul.iurinR  Diatlrr  into  Ihc  bluid-aHla,  wliich  Hal  ac(iim|>liih»l  nacllf  M  bj 
AiHclae.      (Sao  "  Uuoognph  ot  BadioUria."  ItMil,  |>ii.  lUI,  luO.) 
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are  able  to  mo^e,  to  cat,  and  to  act  entirely  like  AmoehiB 
(Fig.  9). 

Tiie  capacity  of  the  naked  cell  to  make  these  character- 
istic ama'boid  movements  depends  on  the  contractility  (or 
automatic  movableness)  of  the  protoplasm.  This  seems  to 
be  the  universal  property  of  all  young  cells.  Where  they 
are  not  surrounded  by  a  strong  membrane,  or  shut  up  in  a 
"  cell  prison,"  they  are  all  capable  of  amoeboid  movements. 
This  is  as  true  of  the  uncovered  egg-cell  as  of  other  un- 
covered cells,  of  the  moving  cells  of  various  kinds,  lymph- 
cells,  mucous  cells,  etc 

Our  examination  of  the  egg-cell  and  comparison  of  it 
with  the  Ajnoeba,  has  afforded  us  the  best  and  surest  basis 
for  the  history  of  the  germ  as  well  as  for  the  history  of  the 
tribe.  From  it  we  have  drawn  the  conclusions  that  the 
human  egg  is  a  simple  cell ;  that  this  egg-cell  is  not  essen- 
tially different  from  those  of  other  Mammals,  and  that  we 
must  therefore  infer  the  existence  of  a  primeval  one-celled 
ancestral  form,  which  in  all  essential  points  was  of  amoeboid 
form. 

The  assertion  that  the  first  ancestors  of  the  human  race 
were  simple  cells  of  this  sort,  which,  like  the  Amoeba,  led 
an  independent  one-celled  life,  has  not  only  been  ridiculed 
as  an  empty  scientific  chimera,  but  has  also  been  indig 
nantly  rejected  in  theological  periodicals  as  "  horrible, 
shocking,  and  immoral"  But,  as  I  have  already  remarked 
in  my  lectures  "On  the  Origin  and  Genealogy  of  the  Human 
liace,"  the  same  righteous  indignation  must  fall  with  equal 
justice  on  the  "  horrible,  shocking,  and  immoral  "  fact,  that 
every  human  individual  develops  from  a  single  cell,  and 
tliat   this   human    egg-cell   cannot   be   distinguished   from 
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those  of  other  Mammals.  This  fact  can  be  demonstrated 
at  any  moment  under  the  niicroseope,  and  it  is  useless  to 
close  our  eyes  to  this  "  immoral "  fact  It  remains  as 
incontrovertible  as  the  important  conclusions  which  we 
have  linked  with  it 

The  very  impoi*tant  bearing  which  the  Cell  Theory  has 
on  the  whole  conception  of  organic  nature  is  thus  very 
clearly  seen.  The  "place  of  man  in  nature"  is  radically 
explained  by  it  Without  this  theory,  Man  is  an  unin- 
telligible puzzle.  Philosophers,  therefore,  and  certainly 
psychologists,  ought  especially  to  acquaint  themselves 
thorouglily  with  the  Cell  Theory.  The  human  mind  can 
only  be  really  understood  by  means  of  this  theory,  and  its 
simplest  form  is  illustrated  in  the  Amoeba. 

The  extant  Amcebie  and  the  kindred  one-celled  organ- 
isms, Arcellie,  Gregarinae,  etc.,  are  therefore  of  great 
interest,  because  they  show  us  the  simple  cell  in  a  per- 
manently independent  form.  The  human  organism  and 
that  of  other  higher  animals,  on  the  contrary,  is  only  one- 
celled  in  its  earliest,  immature  condition.  As  soon  as  the 
egg-cell  is  fertilized,  it  multiplies  by  division  and  forms  a 
community,  or  colony  of  many  social  cells.  These  dif- 
ferentiate themselves,  and  by  their  specialization,  by  various 
modifications  of  these  cells,  the  various  tissues  which  com- 
pose the  various  organs  are  developed.  The  developed 
many-celled  organisms  of  Man  and  of  all  higher  animals 
rise inbles,  therefore,  a  social,  civil  community,  the  numerous 
single  individuals  of  which  are,  indeed,  developed  in  various 
ways,  but  were  oiiginally  only  simple  cells  of  one  commoQ 
struclura 
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THE  PROCESSES  OF  EVOLUTION  AND  IMPREG  NATION. 

Derelopment  of  the  Manj-oelled  from  the  One-celled  Organistq. — The  Cell- 
hermit  and  the  Cell-state. — The  Principles  of  the  Formation  of  the 
State. — The  Differentiation  of  the  Individuals  as  the  Standard  of  Measoro- 
Dient  for  the  Grade  of  the  State. — Parallel  between  the  Processes  of 
Individaal  and  of  Race  Development. — The  Functions  of  Evolution. — 
Growth. — Inorganic  and  Organic  Growth. — Simple  and  Complex  Growth. 
— Nourishment  and  Change  of  Substance. — Adaptation  and  Modification. 
—Reproduction. — Asexual  and  Sexual  Reproduction. — Heredity. — Divi- 
sion of  Labour,  or  Differentiation. — Atavism,  or  Reversion. — Coalescence. 
— The  Functions  of  Evolution  as  yet  very  little  studied  by  Physiology, 
and  hence  the  Evolutionary  Process  has  often  bQen  misjudged. — The 
Evolution  of  Consciousness,  and  the  Limits  to  the  Knowledge  of  Nature. 
— Fitful  and  Gradual  Evolution. — Fertilization.— Sexual  Generation. — 
The  Egg-cell  and  the  Sperm-cell. — ^Theory  of  the  Spcrm-animals. — 
Sperm-cells  a  form  of  Whip-cell. — Union  of  the  Male  Spcrra-cell  wilh 
The  Female  Egg-cell. — The  Product  of  this  is  the  PiU-ent-cell,  or 
Cytula. — Nature  of  the  Process  of  Fertilisation. — Relation  of  the  Kernel 
(Nucleus)  to  this  Pi-ocess. — Disappearance  of  the  Gorm-vcsicle. — Mune- 
rula. — Reversion  to  the  Monera-form. — The  Cytula. 

"  If  the  man  of  science  chose  to  follow  the  example  of  historians  and 
pulpit-orators,  and  to  obscure  strange  and  peculiar  phenomena  by  employing 
a  hollow  pomp  of  big  and  sounding  words,  this  would  be  his  opportunity ; 
for  we  have  approached  one  of  the  greatest  of  the  mysteries  which  surround 
the  problem  of  animated  nature  and  distinguish  it  above  all  other  problems 
of  science.  To  discover  the  relations  of  man  and  woman  to  the  egg-cell 
would  bo  almost  equivalent  to  solving  all  those  mysteries.  The  origin  and 
development  of  the  egg.cell  in  the  body  of  the  mother,  the  transfer  to  it 
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bj  meana  of  tho  seed,  of  the  physical  and  mental  cimractcrlstiot  of  the 
father,  affect  all  the  quostions  which  tho  human  miud  has  erir  raised  io 
ragmrd  to  oxitfteuoe." — Eudolpb  Vircdow  (1848). 

The  discovery  that  every  human  being  at  the  beginninjf 
of  his  existence  is  a  simple  cell,  that  this  egg-cell  is  essen- 
tially similar  to  those  of  other  Mammals,  and  that  the 
forms  arising  during  the  evolution  of  this  cell  in  Man  and 
in  the  otlier  higher  Mammals,  are  at  first  similar, — supplies 
a  basis  from  which  we  may  trace  the  further  processes  of 
evolution.  In  the  first  place  we  have  convinced  ourselves 
of  a  fact  which  is  of  great  importance  to  the  empiric  side 
of  the  histor}'  of  development,  relating  to  those  ontogenetic 
facts  which  can  be  directly  traced  by  means  of  the  micro- 
scope ;  and  this  fact  is  that  in  Man  as  well  as  in  other 
animals  the  developed  many-celled  organism  with  all  its 
various  organs  proceeds  from  a  simple  celL  Secondly,  as 
regards  the  phylogenetic  side  of  the  question,  the  specu- 
lative part  of  the  Uistory  of  Human  Development,  which 
is  based  on  those  facts,  we  have  reached  the  conclusion 
that  the  original  ancestral  form  of  Man  as  of  the  other 
animals  was  a  one-celled  organism.  The  whole  difficult 
problem  of  the  History  of  Evolution  is  thus  now  reduced 
to  the  simple  question  :  "  How  has  the  complex  many-celled 
organism  arisen  from  the  simple  one-celled  form  ?  By  what 
natural  process  has  the  simple  cell  been  transfoimed  into 
that  complex  life-apparatus  with  all  its  various  organs,  the 
apparently  rational  and  purposive  construction  of  which  wo 
admire  in  the  developed  body  ? " 

Turning  now  to  answer  this  question,  we  must  bear  in 
mind  the  view  to  wliich  we  have  already  alluded,  that  the 
inany-ccUeil  organism   is  ordered  and  constituted  00  th4 
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same  principles  as  a  civilized  state,  in  which  the  several 
citizens  have  devoted  themselves  to  various  services  directed 
towards  common  ends.  This  comparison  is  of  the  greatest 
service  in  enabling  us  thoroughly  to  understand  the  con- 
struction of  Man  from  many  cells  of  various  kinds,  and  to 
understand  also  the  harmonious  co-operation  of  these 
various  cells  for  an  apparently  pre-conceived  purpose.  If 
we  bear  this  comparison  in  mind,  and  apply  this  significant 
idea  of  the  developed  many-celled  organism  as  a  civil  union 
of  many  individuals,  to  the  history  of  the  evolution  of  this 
organism,  we  shall  obtain  a  correct  view  of  the  real  nature 
of  the  fii'st  and  most  important  processes  of  evolution.  We 
can  even,  on  deeper  reflection,  guess  the  first  stages  of 
development,  and  establish  them  d  priori,  before  we  call 
observation,  A  posteHori  knowledge,  to  our  aid. 

For  once  we  will  revei*se  the  process,  and  will  not,  as 
will  be  the  case  hereafter,  first  observe  the  facts  of  Ontogeny 
and  then  attach  their  phylogenetical  significance  to  them. 
Beginning  at  the  other  end,  let  us  here  try  to  guess  the 
course  which  evolution  must  have  taken,  if  the  comparison 
is  well  founded.  Then  if,  afterwards,  the  facts  of  Ontogeny 
confirm  our  preconception,  we  shall  be  yet  more  firmly 
convinced  of  the  truth  of  our  views  on  Phylogeny,  This 
agreement  will  afford  us  a  more  striking  justification  of  our 
views  than  can  be  gained  in  almost  any  other  way. 

Let  us  therefore  first  answer  this  question ;  '*  Granting 
the  correctness  of  the  fundamental  law  of  Biogeny,  how 
would  the  original  one-celled  organism  which  founded  th«3 
first  cell-state,  and  thus  became  the  ancestor  of  the  higher, 
many  celled  animals, — how  must  that  organism  have  acted 
ftt  the  beginning  of  organic  life  on  the  tarth.  or  at  the 
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beginning  of  creation,  as  it  is  usually  expressed  ? "  The 
answer  is  very  simple.  It  must  have  acted  just  as  a  man  jL 
who  founds  a  state  or  a  colon}'  for  a  given  purpose.  Let* 
us  trace  this  process  in  its  simplest  form,  as,  for  example, 
may  have  easily  taken  place  when  any  of  the  remote 
islands  in  the  Pacific  Ocean  were  first  peopled.  Two  South 
Sea  Islanders,  a  man  and  a  woman,  have  gone  in  a  l)oat 
to  fish ;  they  are  overtaken  by  a  storm,  carried  far  away, 
and  at  length  driven  on  to  a  remote  island,  as  yet  unin- 
habited. This  "  first  human  pair,"  remaining  isolated,  play 
the  parts  of  Adam  and  Eve,  and  produce  a  numerous  pos- 
terity, thus  becoming  the  parents  of  the  future  inhabitants 
of  the  island.  As  they  are  entirely  devoid  of  all  resources, 
without  the  many  means  of  support  possessed  by  the 
founders  of  states  of  advanced  civilization,  the  posterity 
of  this  uncivilized  and  isolated  pair  have  first  developed 
as  genuine  savagea  Their  only  purpose  in  life  for  cen- 
turies has  remained  as  simple  as  that  of  the  lower  animals 
and  plants ;  the  simple  aim  of  self-preservation  and  of  the 
production  of  descendants ;  they  have  been  contented  with 
the  simplest  organic  functions,  nutrition  and  reproduction. 
Hunger  and  love  are  their  only  motives  of  action. 

For  a  very  long  period,  these  savages,  scattere<l  over  the 
whole  island,  must  have  aimed  at  the  one  single  obiict 
of  self-preservation.  Gradually,  however,  several  fainiiicj 
collected  at  certain  places,  larger  communities  arose,  and 
now  many  reciprocal  relations  began  to  arise  between 
individuals  ;  in  consecjucnce,  a  rude  division  of  labour  took 
place.  Certain  savages  continued  to  fi.sh  and  hunt,  others 
began  to  cultivate  the  ground,  others  devoted  themselves 
to  religion   rjid    medicine,   which  dow  began   to  devcl(»(i, 
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and  so  on.  In  short,  the  ever-increasing  division  of  laboui 
specializes  the  people  into  various  ranks  or  castes,  which 
ahvajrs  tend  to  become  more  sharply  defined  in  propor- 
tion as  the  state  becomes  more  highly  developed:  all 
follow  diverse  occupations,  and  yet  work  for  a  common  end. 
In  this  way,  from  the  descendants  of  a  single  human  pair, 
a  simple  community  of  individuals,  originally  alike,  first 
gradually  arises,  and  this  is  followed  by  a  more  or  less 
well-organized  confederation.  In  this  community,  we  may 
regard  the  more  or  less  complete  division  of  labour  among 
individuals,  or  the  so-called  specialization,  as  the  standard 
by  which  the  grade  of  development  of  its  culture  may  be 
measured. 

A  process  similar  to  this,  and  the  details  of  which  each 
can  easily  fill  up  for  himself,  took  place  millions  of  years 
ago,  when,  at  the  beginning  of  organic  life  on  the  earth, 
one-celled  organisms  at  first  developed,  and  were  afterwards 
followed  by  many-celled  forms. 

The  single  cells  which  arose  by  reproduction  from  the 
oldest  parent-cells  must  at  first  have  lived  in  an  isolated 
condition ;  each  one  performed  the  same  simple  offices  as 
all  the  others;  they  were  satisfied  with  self-preservation, 
nutrition,  and  reproduction.  At  a  later  period  isolated 
cells  gathered  into  communities.  Groups  of  simple  cells, 
which  had  ari«3n  by  the  continued  division  of  a  single 
cell,  remained  together,  and  now  began  gradually  to  perform 
different  offices  in  life.  The  fii-st  traces  of  specialization,  or 
division  of  labour,-soon  occurred,  as  one  cell  assumed  one 
office,  another  another.  One  set  of  cells  may  have  devoted 
themselves  especially  to  the  absorj)tion  of  food,  or  nutrition; 
other  cells  may  have  busied  themselves  only  with  repro« 
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duction;  and  others,  again,  have  formed  themselves  into 
protecting  organs  for  the  little  community,  and  so  on.  In 
short,  various  classes  or  caster  must  have  arisen  in  the 
cell-state,  following  diverse  occupations  and  yet  working 
together  for  the  common  end.  In  proportion  as  this 
division  of  labour  progressed,  the  many-celled  organism, 
or  the  specialized  cell-community,  became  more  perfect  or 
civilized. 

We  may  follow  the  comparison  further.  It  may  be 
asseited  d  priori,  that  in  consequence  of  the  reciprocity  of 
relations  which  was  occasioned  by  the  struggle  for  existence 
and  the  gathering  of  many  organic  individails  in  a  common 
dwelling-place,  when  organic  life  first  began  on  the  earth, 
a  community  of  many  similar  individuals  arose  from  a  one- 
celled  organism ;  that  a  division  of  labour  afterwards  took 
place  among  these  similar  cells,  and  that  finally,  in  conse- 
quence of  continuous  specialization,  a  developed  many- 
celled  organism  with  many  different  organs,  all  working 
for  a  common  end,  arose.  In  order  fully  to  realize  the  value 
of  this  significant  comparison,  it  would  be  necessary  to 
enter  in  detail  into  the  theory  of  the  division  of  labour,  or 
specialization,  which  now  plays  a  very  important  part  in 
Biology,  especially  since  Darwin's  Theory  of  Selection  has 
enabled  us  to  understand  the  tnie  causes  of  these  phe- 
nomena. At  present  I  must  refer  for  the  more  detailed 
elaboration,  which  would  carry  us  too  far  to  be  entered 
into  here,  to  Darwin's  Doctrine  of  the  Divergence  of  Cha- 
racter, and  to  my  lecture  on  the  Division  of  labour.  Wo 
shall  hereafter  return  to  this  sulijcct  ** 

At  pn«ent  we  will  i-ather  examine  whether  the  d  priori 
views  on  Pbylogeny  which  we  preconceived,  are  in  accord* 
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iuice  with  the  facts  which  Ontogeny  places  before  us ; 
whether  in  the  evolution  of  the  individual  organism 
from  the  egg-cell,  the  same  phenomena  appear,  which  we 
have  presupposed  as  necessary  in  this  comparison.  The 
ontogenetic  structural  process  proves  to  be  in  very  close 
harmony  with  our  conclusions,  and  we  find  that  the  facts  o( 
the  evolution  of  the  individual  which  can  be  seen  under  the 
microscope,  do  in  fact  con-espond  perfectly  with  the  picture 
of  the  process  of  phylogenetic  evolution  which  we  have 
sketched  d  priori.  The  fii-st  processes  which  occur  in  the 
evolution  of  the  individual  from  the  egg-cell,  and  also  the 
succeeding  simple  processes  which  first  come  under  observa- 
tion, really  correspond  to  the  events  which  we  have  just, 
traced  in  the  development  of  a  colony  of  savages,  and  have 
assumed  as  the  first  phylogenetic  processes  in  the  origin  ol 
a  many -celled  organism. 

In  the  first  stage  of  the  evolution  of  the  individual, 
many  homogeneous  cells  fii*st  arise,  from  the  simple  cgg-ccll, 
by  continuous  divisioa  These  are  exactly  comparable  to 
a  community  of  human  beings  as  yet  uncivilized.  These 
homogeneous  cells  increase  still  more,  so  that  the  accu- 
mulation of  cells  ever  increases.  As  in  making  our 
comparison  we  found  that  an  entire  colony  of  savages  pro- 
ceeded from  the  descendants  of  a  single  isolated  human 
pair,  so  likewise  all  the  homogeneous  cells  of  this  multitude 
(which  we  shall  hereafter  learn  to  know  better  under  the 
name  of  cleavage-globules),  are  inter-related  as  the  de- 
scendants of  a  single  pair  of  cells.  Their  common  father 
is  the  male  spcrm-cell,  and  their  common  mother  the  female 
egg-cell. 

At  first,  all  these  numerous  cells  which  arise  bv  the  cou 
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tinuous  division  of  the  fertilized  egg-cell,  are  exactly  alike, 
and  cannot  be  distinguished  from  each  other.  But  giu- 
dually  a  division  of  labour  occui-s  among  them  by  their 
assuming  diflfe rent  offices.  Some  accomplish  nutrition,  othei's 
reproduction,  others  protection,  others  locomotion,  and  so 
on.  We  may  translate  this  into  the  language  of  the  tlieor}* 
of  the  tissues  and  say  :  some  of  these  cells  become  intestinal 
cells,  others  muscle-cells,  others,  again,  bone-cells,  nerve-cells, 
cells  of  the  sense-organs,  of  the  reproductive  organs,  etc. 
Thus  we  see  that  the  whole  course  of  the  evolution  of  the 
individual  corresponds  in  its  essential  features  to  that  pre- 
supposed course  of  phylogcnetic  development,  and  thus 
affords  a  striking  confirmation  of  our  fundamental  law  ot 
Biogeny. 

This  observation  naturally  leads  to  a  brief  examination 
of  the  physiological  functions,  or  vital  activities,  which  are 
concerned  in  the  evolution  of  the  individual  as  in  that  of 
the  race.  At  first  sight  a  great  number  of  coniplex  pro- 
cesses seem  to  blend  and  co-operate  here ;  all  of  these  can, 
however,  in  reality  be  reduced  to  a  few  simple  oi^anic 
functions.  Thase  vital  activities  are :  (1)  Growth ;  (2) 
Nutrition;  (3)  Adaptation;  (4)  Reproduction  ;  ('))  Heredity  ; 
(G)  Division  of  Labour,  or  SjKJcialization ;  (7)  Atavism ; 
(8)  Coalescence.  Heredity,  Adaptation,  and  Growth  are  of 
especial  imporUince  in  the  evolution  of  the  organic  body  ; 
these  must,  therefore,  be  regarded  as  as{K'cially  formative 
functions. 

Of  all  vital  phenomena,  growth  may  Ik*  n»gard(»d  as  the 

one   which    plays    the  chief  part  in  the   cvcihition  of  the 

individual  oi^nism,  and  as  the  really  fundamental  function 

of  evolution.     The  Itoaring  of  this  function  on  the  evolu- 
13 
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tion  of  the  germ  is  so  great,  that  Baer  expressed  the  most 
general  result  of  his  researches  in  the  following  proposition : 
"  The  history  of  the  evolution  of  an  individual  is  the  his- 
tory of  the  growth  of  individuality  in  every  relation." 
Whenever  a  unit,  an  individual,  develops  in  nature,  growth 
is  the  first  condition.  This  is  equally  true  of  inorganic 
(inanimate)  and  of  organic  (animate)  natural  bodies.  In 
the  former,  in  minerals,  growth  is  often  the  only  function 
of  evolution.  Growth  is,  therefore,  especially  interesting, 
because  both  in  the  inorganic  individual,  the  crystal,  and 
in  the  simplest  organic  individual,  it  is  the  necessary  pre- 
liminary to  all  further  evolution.  Growth,  the  addition 
of  homogeneous  body-substance,  is  absolutely  universal 
The  inorganic  crystal  grows  by  absorbing  homogeneous 
matter  from  the  surrounding  fluid  medium,  which  then 
passes  from  a  fluid  into  a  solid  conditioa  Similarly,  the 
cell,  the  simplest  organic  individual,  grows  by  attracting  to 
itself  particles  from  the  surrounding  medium,  which  is 
usually  fluid,  and  by  then  transforming  these  particles  into 
a  semi-fluid,  and  more  or  less  homogeneous  condition 
(assimilation).  The  only  diflerence  between  the  growth  of 
the  crystal,  and  that  of  the  simplest  organic  individual,  the 
cell,  is  that  the  former  adds  the  new  substance  externally, 
while  the  latter  absorbs  it  internally.  This  essential  differ- 
ence depends  on  the  different  conditions  of  density,  or  of 
aggregation,  of  the  two  different  groups  of  bodies.  The 
morganic  bodies  may  be  either  in  a  solid,  fluid,  or  gaseous 
conditioa  They  grow  by  apposition.  Organic  bodies,  on 
the  contrary,  are  in  the  fourth,  the  soft  or  semi-fluid  con- 
dition of  aggregation.     They  grow  by  intussusception. 

Each  individual  or  trophic  growth  is,  however,  only  the 


GBOWTH.  157 

simple  or  direct  form  of  growth  common  to  crystal  and  to 
simple  organic  individuals  of  the  first  order.  This  simple 
form  of  growth  is  secondarily  opposed  to  compound  or 
numerical  growth,  which  is  seen  in  the  course  of  the  evolu- 
tion of  all  many-celled  organisms,  in  all  individuals  of  the 
second,  or  higher  order.  In  this  case,  the  simple  cell  docs 
not  continually  increase,  as  might  be  supposed,  until  the 
whole  large  organic  individual,  with  all  its  parts,  is  formed ; 
but  after  the  cell  has  attained  a  certain,  very  limited  size, 
it  does  not  increase  further,  but  parts  by  self-division  into 
two  cells.  Owing  to  the  frequent  repetition  of  this  pro- 
cess of  compound  growth,  a  many-celled  organism,  which 
is  far  larger  than  the  largest  cell,  at  last  arises.  In  this 
case,  the  growth  of  the  ever-increasing  organism  is  no 
longer  the  mere  addition  of  homogeneous  parts,  but  depends 
really  on  generation,  i.e.,  the  multiplication  of  the  origin- 
ally simple  individual. 

A  further  distinction  between  organic  and  inorganic 
growth  depends  on  the  fact  that  the  former,  unlike  the 
latter,  is  connected  with  nutrition.  Nutrition  is  necessary 
to  the  existence  of  every  living  organism,  for  loss  of  sulv 
stance  of  body-material  is  implied  in  all  life-energies ;  and 
this  loss  of  substance  must  be  replaced  by  the  addition  of 
new  substance  or  food.  This  continual  chancre  of  sub- 
stance,  the  absorption  and  assimilation  of  new  matter, 
the  expulsion  of  used-up  particles,  and  briefly,  all  the 
processes  included  by  the  term  nutrition,  are  conditions 
as  necessary  to  the  accomplishment  of  evolution  as  for  all 
the  other  activities  of  life :  they  are  as  indispensable  to  the 
evolution  of  the  single  cell  as  to  that  of  the  entire  many- 
celled  organism.    The  usual  method  of  nutrition  in   the 
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case  of  the  single  cells  is  by  the  absorption  by  their  soft 
semi-fluid  cell-substance  of  food-material  from  the  sur- 
rounding fluid;  less  frequently  solid  particles  are  pressed 
into  the  cell-substance.  Similarly,  the  worn-out  material 
is  discharged,  usually  in  a  fluid,  seldom  in  a  solid  foim. 

Adaptation,  the  most  important  vital  function,  is 
directly  connected  with  nutrition,  and  plays  the  most  im- 
portant part  in  the  progressive  development  of  the  organism. 
It  is,  in  reality,  the  most  influential  cause  of  every  advance 
and  of  all  perfection  of  the  organism.  Adaptation  eflects 
all  the  modifications  or  variations  which  organic  forms 
undergo  under  the  influence  of  the  external  conditions  of 
existence;  it  is  the  true  cause  of  every  modification.  As 
I  have  very  fully  discussed  the  importance  of  modification 
and  the  various  laws  of  Adaptation  in  my  Generelle 
Morphologie,  and  in  the  "  History  of  Creation,"  I  may  here 
dispense  with  any  further  reference  to  it  I  shall  only  call 
attention  to  the  fact,  that  all  these  various  laws  of  Adapta- 
tion can  appropriately  be  brought  into  the  two  classes  that 
I  have  there  distinguished ;  on  the  one  side  indirect,  or 
Potential  Adaptation,  on  the  other  direct,  or  Actual  Adap- 
tation. I  have  shown  in  my  Ocnerclle  Morphologie  (vol. 
it  pp.  193-226),  that  all  these  varied  and  important  phe- 
nomena, if  regarded  from  a  physiological  point  of  view,  can 
be  reduced  to  the  mechanical  function  of  nutrition,  and, 
indeed,  to  the  elementary  conditions  of  cell-nutrition. 

Just  as  progressive  Adaptation  is  linked  with  nutrition, 
so  is  conservative  Heredity  linked  with  reproduction.  This 
latter  activity  of  the  organism  may  also  be  referred  to  the 
former  functions.  For  radically  "  reproduction  is  a  form  of 
nutrition  and  a  growth  of  the  organism  to  a  size  beyond 
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that  belonging  to  it  as  an  individual,  so  that  a  part  is  tlius 
elevated  into  a  (new)  whole"  {GentrdU  Movphologie,  voL 
ii.  |).  16).  The  functions  of  growth  and  reproduction  are 
therefore  very  intimately  connected.  Reproduction  is  only 
a  continuation  of  the  growth  of  the  individual  But  the 
latter,  again,  depends  in  its  compound  form,  on  generation, 
that  is,  on  the  multiplication  of  the  simple  constituent  indi- 
viduals. While,  on  the  one  hand,  reproduction  appears  to 
be  only  a  growth  of  the  individual  to  a  size  exceeding  that 
of  the  individual, — compound  growth,  on  the  other  hand, 
is  the  result  of  the  reproduction  of  simple  individuals  of 
the  first  order.  This  view  enables  us  clearly  to  understand 
reproduction  and,  consequently.  Heredity,  which  otherwise 
appears  to  be  an  obscure  and  mysterious  process. 

To  prove  the  correctness  of  this  view,  we  must  start 
from  the  simplest  form  of  reproduction,  tliat  is,  division,  as 
it  occurs  in  the  case  of  almost  every  cell.     When  the  cell, 


Fig.  in. — Blood-celli  (corpofscles),  increai* 
in;;  by  Bclf-divigion,  fnim  the  blncKl  of  the  yooiiff 
embryo  of  a  t*i^.  Kach  ha8  ori^iiwiUy  a  kernel 
(niirlctiM).  and  \n  (flobiilnr  {<%).  When  the  celln 
are  about  to  multiply,  tho  kernel  fii-Kt  nefiarat^Hi 
into  two  (/>,  r,  «/).  1'lte  |inito|il>Uiinic  Inidy  then 
lK»f<»nif«  |>inche<l  in  lH*twe«'n  the  two  kfrnelx, 
which  Fe|tfinite  more  antl  more  fn»m  eoch 
other  (c).  Finally  the  cell  |»art«  into  two,  at 
the  |M»int  where  it  waj  pinched  in  (/)•  (After 
Frov.) 


® 


having,  by  tlir  absorj^tion  of  nutrition,  alrrady  ronrho<l  itft 
usual  siz*',  cxcccmIs  that  imasun*,  it  divides  into  two  cells 
(Fig.  \(\).  Ju.st  in  the  same  way  in  niany-celKMi  animals  (for 
c.vampli%  Corals),  when  the    imiividual  grows   beyond  the 


1 60  THE  EVOLUTION  OF  ICAlf. 


definite  size  proper  to  it,  a  separation  into  two  now 
individuals  necessarily  takes  place.  Starting  from  this 
simplest  form  of  reproduction,  we  can  learn  to  understand 
the  many  complex  forms  with  which  we  meet,  especially  in 
the  lower  animals  and  plants.  Division  is  first  followed  by 
propagation  by  buds,  then  that  by  the  formation  of  germ- 
buds,  and  propagation  by  germ-cells,  or  spores.  All  these 
forms  of  multiplication  are  classed  under  the  name  of 
asexual  reproduction,  or  Monogeny ;  in  these  cases  it  does 
not  require  the  union  of  different  individuals  to  efiect  the 
production  of  new,  independent  individuals.^ 

The  conditions  of  sexual  reproduction,  or  Amphigony, 
are  quite  different.  Its  nature  consists  in  this ;  that  two 
distinct  cells  must  unite  in  a  particular  way  and  blend  in 
order  to  cause  the  production  of  a  new  individual  As  we 
shall  soon  return  to  the  subject  of  sexual  reproduction, 
when  we  consider  the  fertilization  of  the  egg,  we  need  not 
here  linger  over  it.  We  must  only  emphasize  the  fact,  that 
this  process  of  sexual  reproduction,  in  spite  of  its  peculiarity, 
is  yet  nearly  related  to  the  higher  forms  of  asexual  repro- 
duction,  and  especially  to  that  by  the  formation  of  germ- 
cells.  But  while  in  the  latter  case  a  single  cell  separates 
from  the  confederacy  of  the  many-celled  organism  and 
forms  the  foundation  of  a  new  individual, — in  the  former, 
two  diiferent  elementary  individuals,  a  female  egg-cell  and 
a  male  sperm-cell,  must  unite  and  blend  into  a  single  body 
to  effect  that  purpose.  The  double  cell  formed  in  this  way 
is  alone  capable  of  forming  by  division  an  aggregate  of  cells, 
from  which  a  new  many -celled  organism  then  develops.*' 
(Gf.  Chap.  XXV.) 

Immediately   connected    with    i*eproduction   is   a   fifth 
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hi(;lily  important  evolutionary  function.  Heredity.  Ju8t 
as  we  were  able  to  trace  Adaptation  back  to  nutrition,  we 
can  also  show  that  Heredity  is  a  necessary  ])henomenon 
of  reproduction ;  and  this  is  equally  true  of  both  kinds 
of  Hei^edity— of  conservative,  as  well  as  of  progressive 
Heredity.  As  I  have  also  fully  explained  these  highly 
important  Laws  of  Heredity,  which  maintain  constant 
reciprocal  relations  with  the  Laws  of  Adaptation,  in  my 
"History  of  Creation,"  voL  L  Chapter  VIU.  p.  175,  we 
will  not  stop  to  examine  them  here.  (See  also  GenerdU 
ilorpfiolof/ic,  voL  il  pp.  170-191.) 

Division  of  labour,  or  differentiation,  which  has  but 
recently  begun  to  be  correctly  valued,  forms  a  sixth 
evolutionary  function  of  especial  importance.  We  have 
already  seen  that  division  of  labour  is  the  strongest  impulse 
towards  progressive  evolution,  not  only  in  civic  and  social 
life,  but  also  in  the  social  cell-confederacy  of  every  many- 
celled  organism.  A  glance  at  any  community  or  state' 
organization  shows  that  the  first  condition  of  all  higher 
development  and  civilization,  is,  on  the  one  hand,  the  divi- 
sion of  the  various  duties  among  the  various  classes  of  the 
citizens ;  and,  on  the  other  hand,  the  co-oi>eration  of  these 
single  individuals  for  the  coiiiiuon  purposes  of  the  state. 
This  is  exactly  the  case  also  in  every  many -colled  organism. 
Every  multicellular  individual  in  the  plant  or  animal 
kingdom  is  more  perfectly  developed,  and  ranks  higher  in 
[proportion  as  the  division  of  labour  among  its  constituent 
cells,  the  difTerentiation  of  Its  cell-individuals,  is  more 
perfect.  Therefore  in  the  various  classes  of  organisms  wo 
find  this  differentiation,  sometimes  in  a  more,  sometimes  in 
a  less  perfect  condition.     The  simplest  form  of  division  of 
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labour  oocurs  in  those  lower  animals  in  the  bodies  of  which 
only  two  kinds  of  cells  have  become  differentiated.  This 
is  the  case,  for  example,  in  the  lowest  Plant-animals,  in 
Sponges,  and  the  simplest  Polyps,  as  well  as  in  their 
common  parent-form,  the  Gastraea.  Tliroughout  the  cntii-o 
many-celled  bodies  of  these,  there  are  only  two  different 
kinds  of  cells ;  the  one  kind  effect  the  nutrition  and  repro- 
duction of  the  animal,  the  other  kind  are  its  organs  of 
feeling  and  motion.  These  two  kinds  of  cells  are  identical 
with  those  which  first  come  to  perfection  in  the  first  process 
of  differentiation  of  the  germ-layers  in  the  human  embryo. 
But  in  most  higher  animals  the  differentiation  of  the  cells 
proceeds  much  further.  Some  take  merely  the  office  of 
nutrition ;  others  that  of  reproduction ;  a  third  group  con- 
stitute the  outward  covering  of  the  body  and  form  the 
skin ;  a  fourth  group,  the  muscle-cells,  form  the  flesh ;  a 
fifth  group,  the  nerve-cells,  develop  into  the  organs  of 
fcensation,  of  will,  of  thought,  eta  All  these  different  kinds 
of  cells  originally  proceeded  by  differentiation  or  specializa- 
tion from  the  simple  egg-cell,  and  from  the  homogeneous 
descendants  of  that  egg-cell,  owing  to  division  of  labour. 
This  differentiation  of  the  cells,  or  this  division  of  labour, 
originally  arose  in  tribal  history,  from  causes  similar  to  the 
division  of  labour  in  the  civilized  states  of  men.  Afterwards 
it  appears  in  the  germ-history,  and  by  that  time  it  has  been 
made  over  to  Heredity,  and  is  merely  repeated  in  accord- 
ance with  the  fundamental  law  of  Biogeny.  Now,  although 
Differentiation  usually  leads  to  the  progress  of  the  whole 
organism  as  well  as  of  its  various  constituent  individuals, 
the  single  cells,  yet  it  is  also  in  many  cases  the  occasion  of 
retrogression,  or  atavism.      Not  only  progressive,  but  also 


ATAVISM.  163 

retrograde    modifications    take    place    in    consequence    of 
division  of  labour. 

Atavism,  or  reversion,  must  be  regarded  as  a  sevcntli 
function  of  evolution,  and,  as  such,  plays  no  unimportant 
part  In  the  evolution  of  almost  every  higher  organism  wo 
oboerve  that  the  progressive  completion  of  most  organs  is 
accompanied  by  retrograde  processes  of  evolution  in  single 
parts.  In  the  cell  this  retrograde  metamorphosis  usually 
first  occurs  in  consequence  of  the  formation  of  fat-partlclcs 
in  the  protoplasm.  The  cell  is  destroyed  by  the  fatty 
degeneration  of  the  protoplasm.  During  the  course  of 
phylogenetic,  as  of  ontogenetic  evolution,  whole  organs  may 
thus  retrograde  by  the  dissolution  of  the  cells  which  fonn 
them.  Thus,  for  exiLmple,  during  the  evolution  of  the  germ 
of  Man  and  of  other  Mammals,  cartilages,  muscles,  etc.,  dis- 
appear which  were  of  great  importance  in  our  primitive 
ancestors,  the  Fishes.  This  ontogenetic  reversion  reproduces, 
owing  to  Heredity,  a  corresponding  phylogenetic  process. 
The  very  interesting  "  rudimentary  organs  "  are  arrested — 
bodily  growths  of  this  kind,  traces  of  which  still  remain  in 
various  stages  of  development  (see  p.  110).  Thoy  are  fouud 
in  nearly  evciy  higher  many-celled  organism  attaining  to 
any  considerable  stag*^  of  evolution ;  in  this  case  the  general 
progress  of  the  whole  is  scarcely  ever  conditional  on  the 
equally  progressive  development  of  the  cells ;  on  the  con- 
trary, certain  cells  perish  during  Ontogeny,  while  others 
go  on  growing  at  their  expense.  This  same  phenomenon 
is  met  with  in  human  society.  In  this  it  is  always  the 
case  that  many  individuals  peri-sh  without  eirecting  any- 
thing; while  the  majority  constantly  develop  more  or 
IcdS  steadily.     The  comparison   is  perfectly  apt     For  Ui6 
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conditions  of  a^r^rc^ration  are  the  same  in  states  as  in 
many-celled  organisms. 

Finally,  we  must  mention  an  eighth  and  last  function 
of  organic  development,  viz.  coalescence,  or  concrescence. 
As  yet,  this  has  been  but  little  noticed,  nor  is  it  very 
striking;  yet  it  is  of  real  importance  in  certain  processes. 
Coalescence  consists  in  this,  that  two  or  more  individuals 
which  were  originally  separate  afterwards  combine  and 
blend  into  one  individual.  We  may  regard  the  pn>cess 
of  sexual  generation  as  a  coalescence  of  two  cells.  We  also 
often  find  a  similar  coalescence  of  cells  in  other  processes  of 
evolution.  Those  tissues  of  the  animal  body  which  dis- 
charge the  highest  functions,  viz.  the  muscular  tissue,  or 
flesh,  which  is  concerned  in  locomotion,  and  the  nervous 
tissue  which  performs  the  functions  of  sensation,  will,  and 
thought,  consist  in  great  part  of  coalescent  cells.  But  not 
only  cells,  or  individuals  of  the  first  order,  but  also 
organs,  or  individuals  of  the  second  order,  coalesce  very 
freely  in  the  process  of  Ontogeny  into  a  compound 
formation.  Even  independent  organisms  may. coalesce,  as 
is  very  often  the  case,  e.g.  in  the  Sponges.  The  process 
cf  coalescence  (often  also  called  conjugation  or  copulation), 
is  in  a  certain  sense  the  opposite  process  to  that  of  propaga- 
tion. In  the  latter  two  or  more  new  individuals  arise 
from  one,  while  in  the  former  one  individual  results  from 
sevei^aL  As  a  general  rule,  this  individual  possesses  a  higher 
function  than  that  of  the  two  units  from  the  coalescence  of 
v^hich  it  sprang. 

In  reviewing  for  a  moment  the  different  vital  activities 
of  the  organism  which  we  have  here  enumerated  as  the 
Ohsential  functions  of  evolution—  as  the  true  formative  forces 
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of  the  nascent  organism — it  will  easily  be  seen  that  they 
all  admit  of  purely  physiological  investigation.  And  yet 
till  very  recently  many  of  them  were  never  closely  studied, 
and  consequently  the  processes  of  evolution  have  veiy  often 
l>oen  regarded  as  something  altogether  enigmatical  and 
|>cculiar,  and  even  in  some  respects  miraculous  and  super- 
natural So  that  even  yet  many  distinguished  naturalists 
hold  that  the  phenomena  of  evolution  are  beyond  the  limits 
of  human  knowledge,  and  are  only  explicable  by  the  as- 
sumption of  supernatural  forcea 

This  curious  situation,  reflecting  as  it  does  a  somewhat 
unpleasant  light  upon  the  present  status  of  our  science, 
must  be  laid  to  the  charge  of  modem  Physiology.  As  I 
have  already  had  occasion  to  remark,  the  Physiology  of  our 
day  pays  no  attention  either  to  the  functions  of  evolution 
or  to  the  evolution  of  the  functions.  With  praiseworthy 
energy  it  has,  it  is  true,  exerted  itself  to  perfect  as  far  as 
possible  the  knowledge  of  certain  groups  of  functions,  to 
which  an  exact  mathematical  and  physical  treatment  is 
directly  applicable  {e.g.  the  Physiology  of  the  sense-organs, 
of  muscular  movement,  of  the  circulation  of  the  blood,  etc.). 
liut,  on  the  other  hand,  it  has  paid  but  little  attention  to 
many  important  groups  of  functions,  to  which  this  exact 
iiietli(Hl  is  not  applicable.  Among  the  latter  are  the  choro- 
logical  and  oecological  functions,  many  psycliological  pheno- 
mena and  correlations  of  growth,  and  especially  the  most 
important  of  those  functions  of  evolution  which  we  have  just 
enumerated — that  of  Heredity  and  Adaptation.  Our  present 
knowle<lge  of  these  two  most  influential  physiological 
functions  of  evolution  has  been  almost  entirely  acquired 
by    means  of    morphological,   not   physiological    research. 
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though  Physiology  had  in  the  pursuit  of  its  own  objectfl 
occasion  enough  to  devote  itself  earnestly  to  the  study  of 
those  functions.  In  the  same  way  tiie  important  functions 
of  growth  and  coalescence,  as  also  those  of  differentiatioo 
and  atavism^  have  as  yet  been  very  little  studied  from  a 
physiological  point  of  view. 

This  neglect  of  the  history  of  evolution  explains  the 
little  intei'cst  and  the  lack  of  insight  exhibited  by  the 
physiologists  of  our  time  with  regard  to  the  theory  of 
descent.  When  Darwin,  in  his  Theory  of  Natural  Selection, 
gave  a  new  basis  to  the  theory  of  evolution,  and  so  pointed 
out  the  way  to  a  physiological  explanation  of  the  formation 
of  species,  a  new  and  most  interesting  field  of  research  was 
thrown  open  to  Physiology.  But  Physiology  has  hardly  yet 
entered  this;  and  it  has  done  as  little  to  advance  our 
knowledge  of  the  processes  of  evolution  in  their  ontogenetic 
as  in  their  phylogenetic  aspect.  In  fact,  with  a  few 
illustrious  exceptions,  most  physiologists  have  paid  very 
little  attention  to  the  theory  of  descent,  and  to  this  day 
some  of  their  most  renowned  leaders  look  on  this  most 
important  biological  theory  as  "an  improved  and  baseless 
hypothesis." 

This  want  of  comprehension  of  the  history  and  signifi- 
cance of  evolution  can  alone  explain,  for  instance,  the  fact 
tliat  the  famous  Berlin  physiologist,  Du  Bois-Reymond,  in 
Ills  well-known  address  "  On  the  limits  of  Natural  Science," 
delivered  at  Leipsic  in  1872,  before  the  meeting  of  German 
uatui'alists,  declared  human  consciousness  to  be  a  phenome- 
non absolutely  and  unconditionally  transcending  the  bounds 
of  hum?-n  comprehension.  It  never  occurred  to  him  that 
consciousness,  in  common  with  every  other  cerebral  activity, 
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U  in  actual  process  of  evolution.  He  overlooked  the  obvious 
consideration  that  even  the  consciousness  of  the  human  race 
must  have  arisen  gradually  by  evolution  through  many 
phylogenctic  stages  precisely  in  the  same  way  that  even  yet 
the  individual  consciousness  of  every  child  is  gradually 
completed  in  the  course  of  many  ontogenetic  stages. 

Again,  this  same  want  of  insight  into  the  functions  and 
the  physiological  process  of  evolution  accounts  for  the  fact 
that  even  at  the  present  day  esteemed^  and  learned  natural- 
ists are  earnestly  discussing  the  question  whether  the 
creation  of  species,  or,  in  other  words,  the  phyletic  evolution 
of  forms,  took  place  suddenly  or  gradually.  This  dispute 
is  as  irrational  as  would  be  a  dispute  as  to  whether  the 
m()use  is  a  great  or  a  small  animal.  The  elephant  will  of 
course  declare  the  mouse  to  be  a  tiny  creature,  while  the 
louse,  living  on  the  skin  of  the  mouse,  must  regard  the 
latter  as  an  animal  of  gigantic  size.  Just  as  in  the  one  case 
the  estimate  of  extension  in  space  is  purely  riilative,and  only 
to  be  taken  in  a  relative  sense,  so  in  the  other  case  is  the 
estimate  of  extension  in  tima 

Every  process  of  evolution  as  such  is  always  continuous, 
and  real  leaps  or  interruptions  never  occur.  Natura  non 
facit  8altu8 — nature  never  leaps.  This  is  true  both  of  on- 
togenetic and  of  phylogenctic  processes:  of  the  evolution 
of  the  imlividual  as  well  as  of  that  of  the  s|>ecies.  It  is 
true  that  in  Ontogeny  leaps  sometimes  appear  to  occur, 
e.g.  when  the  butterfly  is  developed  from  the  pupa  into 
which  the  caterpillar  has  been  transfoiined,  or  when  a 
Medusa  is  developed  from  an  entirely  dissimilar  hydra-form 
Polyp.  But  the  morphologist  who  step  by  step  studies  the 
eiuu^t  course  of  these  processes  of  evolution,  Unds  iba^ 
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though  certain  stages  seem  omitted,  the  continuity  is  really 
unbroken,  and  that  each  new  form  arises  directly  from  that 
which  preceded  it.  Throughout  there  is  a  causal  and  un- 
broken connection ;  nowhere  a  sudden  leap.*^  But  when  the 
rapidity  of  tlie  process  of  evolution  is  at  one  time  retarded 
and  again  suddenly  accelerated,  or  when  hei'edity  is  cur- 
tailed, the  result  of  the  process  appears  to  be  a  sudden  leap. 

This  unbroken  causal  connection  of  the  processes  of 
evolution  exists  equally  in  germ-history,  and  in  tribal 
history.  For  as  Ontogeny  is  but  a  brief  reproduction  of 
Phylogeny,  conditional  on  Heredity  and  modified  by 
Adaptation,  in  the  latter,  therefore,  as  in  the  former,  no  leap 
or  open  gap  can  ever  really  exist  between  two  consecutive 
evolutionary  forma  As  in  the  evolution  of  the  individual 
so  in  that  of  the  species,  each  new  form  arises  directly  from 
that  which  preceded  it ;  and  here  also  the  physiological 
process  of  development  always  preserves  its  continuity. 
Even  in  those  extreme  cases  where  a  new  form  does  indeed 
seem  to  come  into  existence  quite  suddenly,  as  in  what  is 
called  "  sudden  or  monstrous  adaptation,"  there  is  always, 
under  the  surface,  an  unbroken  physiological  evolutionary 
process  which  has  the  appearance  of  being  a  "  sudden  leap  " 
only  because  of  its  comparative  rapidity,  or  of  the  magnitude 
of  its  result. 

As  a  striking  instance,  let  us  consider  a  frequently  ob- 
served case  of  such  "sudden  variation."  A  common  two- 
homed  he-goat,  the  consort  of  which  is  also  a  common  two- 
horned  goat,  begets  a  kid,  from  the  skull  of  which  grow  four 
horns,  in  place  of  the  two  horns  previously  hereditary  in  this 
family  of  goats.  In  this  case  a  new  variety  of  goats  bear- 
ing four  horns  has  "  suddenly  "  arisen,  and  under  favoiurable 
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eonJitions  this  young  he-goat  may  become  the  founder  of 
an  entirely  new  four-horned  race,  or  (by  correlative  adapta- 
tion and  constant  heredity)  of  a  new  fixed  species. 

But  if  we  now  search  for  the  physiological  functions  of 
evolution  which  have  "  suddenly  "  formed  this  new  race  or 
species,  we  find  that  a  change  in  the  hereditary  nutrition  at 
two  points  in  the  frontal  bone  and  in  the  skin  covering  the 
same  is  the  prime  cause.  Owing  to  the  excessive  local 
nutrition  of  the  osseous  tissue,  and  the  consequent  propor- 
tionate multiplication  of  cells,  a  bony  protuberance  gradually 
appears  at  each  of  these  points ;  and  in  consequence  o* 
correlative  adaptation,  the  hairy  skin  covering  both  these 
protuberances,  changes  into  a  hard,  bare  homy  sheath, 
analogous  to  the  other  two  horns  which  have  long  been 
hereditary.  As  these  bony  protuberances  grow,  and  their 
.homy  sheaths  become  correspondingly  larger,  a  new,  second 
pair  of  hums  appears  behind  the  old  ones.  All  these  func- 
tions of  evolution  which  "  suddenly  and  by  a  leap  "  produce 
this  four-homed  form  of  goat  are  in  reality  perfectly  "gradual 
and  continuous  "  changes  in  the  evolution  of  those  masses  of 
cells  of  which  we  have  spoken :  they  depend  on  a  change 
in  the  nutrition  of  the  tissue  at  these  two  points  in  the 
frontal  bone  and  skin.  In  tliis  instance,  therefore,  an  accu- 
rate examination  of  the  physiological  function  of  evolution 
affords  a  perfectly  natural  explanation  of  an  ap[>arently 
miraculous  process.  This  is  equally  true  of  individual  and 
of  phyletic  evolution. 

This  is  also  the  explanation  of  a  process  of  evolution 
which  above  all  others  is  usually  put  under  mystical  veil 
as  though  it  were  a  supernatural  wonder;  this  is  the 
process  of  fertilization,  or  sexual  generation.    In  all  the 
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higher  plants  and  animals  this  constitutes  the  first  act  in 
which  the  evolution  of  the  new  individual  begins.  But 
it  must  be  noted  here  that  this  important  process  is  by  no 
means  as  univei'sally  distributed  throughout  the  animal  and 
vegetable  world  as  is  commonly  supposed.  On  the  contrary, 
there  are  very  many  low  organisms  which  always  multiply 
asexually,  e.g.  the  Amoebas,  Gregarinae,  Flagellata,  Forami- 
niferse,  Kadiolaria,  Myxomycetae,  etc.  In  these  cases 
there  is  no  form  of  impregnation  :  the  multiplication  of 
individuals,  and  the  preservation  of  the  species  depend  here 
simply  on  asexual  generation,  under  the  forms  of  fission, 
propagation  by  buds  or  by  germ-cells.  On  the  other  hand, 
in  the  case  of  all  higher  plant  and  animal  organisms,  sexual 
propagation  is  the  general  law,  and  asexual  generation 
never  or  but  seldom  occurs.  Among  Vertebrates  in  par- 
ticular "virginal  generation"  {Parthenogenesis)  never 
occurs.  This  we  must  explicitly  affirm  in  the  face  of  the 
celebrated  dogma  of  the  "immaculate  conception."  "Im- 
maculate conception"  has  never  been  observed  either  in 
Man,  or  in  any  other  Vertebrate.^ 

Sexual  propagation  in  the  various  classes  of  animals 
and  plants  exhibits  an  especially  large  number  of  interest- 
ing correlations,  especially  those  relating  to  fertilization 
and  the  transmission  of  the  male  sperm  to  the  female  egg. 
These  correlations  are  of  the  utmost  significance  not  only  in 
regard  to  propagation,  but  also  in  the  production  of  organic 
bodily  forms,  and  especially  of  sexual  differences.  Very 
remarkable  instances  of  interaction  take  place  between 
plants  and  animals.  The  recent  admirable  researches  of 
Darwin  and  Hermann  Miiller  on  the  fertilization  of  flowera 
by  insect  agency,  are  especially  interesting  from  this  point 
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of  view.'''  As  a  result  of  this  interaction  we  find  a  sexual 
apparatus  of  very  complex  anatomy.  But  in  spite  of  the 
great  interest  of  these  phenomena,  we  cannot  discuss  them 
now,  as  they  are  only  of  subordinate  importance  in  study- 
ing the  essential  nature  of  the  process  of  fertilization.  On 
the  other  hand,  the  nature  of  this  process  itself — the  mean- 
ing of  sexual  generation,  must  be  closely  studied. 

In  every  process  of  fertilization,  as  has  already  been 
said,  two  difl'erent  kinds  of  cell,  male  and  female,  are  con- 
cerned. In  animals  generally  the  female  cell  is  called  the 
^gg»  or  egg-cell  (ovulum),  and  the  male  is  called  the  sperm- 
cell,  or  seed-cell  (zoosjyermiuTn,  spei'viaiozoon).  The  female 
egg-cell,  the  form  and  structure  of  which  we  have  already 
considered,  is  in  all  animals  originally  of  the  same  simple 
structure.  At  first  it  is  simply  a  globular,  naked  cell, 
consisting  of  protoplasm  and  cell-nucleus  (Fig.  10,  p.  134-). 
When  this  cell  lies  free,  and  is  capable  of  motion,  it 
performs  a  nuinlKU*  of  slow,  amoeboid  movements,  as  we 
have  seen  in  the  case  of  the  egg  of  the  Sp<mges  (Fig.  14, 
p.  144).  But  commonly  at  a  later  period  it  is  enclosed  in 
peculiar  envelopes  and  coatings  of  a  very  heterogeneous  and 
frequently  very  complex  structure.  On  the  whole,  the  egg- 
cell  is  one  of  the  largest  of  cells.  In  nearly  all  animals  it 
is  larger  than  any  of  the  other  cells. 

On  the  other  hand,  the  other  cell  which  plays  a  part  in 
impregnation,  the  male  sperm-cell,  is  one  of  the  smallest 
cells  of  the  animal  Uxly.  As  a  rule,  fertilization  results 
from  a  mucous  tluid,  secreted  b}'  the  male,  coming  into 
contact  with  the  egg-cell,  either  within  or  without  the  body 
of  the  femala  This  tluid  is  called  the  8|>enn,  or  male  seed. 
The  sperm,  like  the  saliva  and  the  blood,  is  not  a  simple 

14 
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clear  fluid,  but  a  dense  mass  of  exceedingly  numerous  cells^ 
floating  about  in  a  comparatively  small  quantity  of  fluid. 
It  is  not  this  fluid,  but  the  cells  suspended  in  it,  which 
produce  fertilization.  In  most  animals,  these  sperm-cells 
are  possessed  of  two  special  propertiea  In  the  first  place, 
they  are  extraordinarily  small,  usually  the  smallest  cells  in 
the  organism ;  and  secondly,  they  are  possessed  of  a  very 
peculiar  quick  motion  called  the  spermatozoid  movements. 
The  form  of  the  cells  is  in  correlation  with  this  movement. 
In  most  animals,  as  also  in  many  of  the  lower  plants  (but 
not  in  the  higher),  each  of  these  cells  consists  of  a  very 
small  naked  cellular  body,  enclosing  an  oblong  nucleus, 
and  of  a  long  vibrating  filament  attached  to  the  body  of 
the  cell  (Fig.  17).  It  was  a  very  long  time  before  it  was 
discovered  that  these  structures  are  simple  cells,  m  former 
times  they  were  universally  regarded  as  actual  animals, 
and  were  called  sperm-animals  {Spermatozoa).  It  is  only 
through  the  searching  investigations  of  the  past  few  years 
that  we  have  acquired  positive  evidence  of  the  fact  that 
each  of  these  so-called  spermatozoa  is  really  a  simple  celL 
It  is,  therefore,  best  to  call  them  simply  seed-cells  or  sperm- 
cells.  In  Man  these  possess  the  same  form  as  in  many 
other  Vertebrates,  and  in  the  majority  of  Invertebrates. 
In  many  of  the  lower  animals,  however,  the  form  of  the 
seed-cells  is  very  different.  Thus,  for  example,  in  the  Cray* 
fish,  they  are  fixed,  round  cells,  motionless,  and  furnished 
With  peculiar  stiff,  bristly  processes.  So,  too,  in  certain 
Worms,  e.g.  the  Thread-worms,  the  sperm-cells  possess  a 
very  anomalous  form.  Some  of  these  are  amoeboid,  re- 
sembling very  small  egg-cells.  Yet  even  in  most  of  the 
lower  animals,  e.g.  the  Sponges  and  the  Polyps,  they  possess 


8PEBHAT0Z0A. 


the   "pin-sIiapeJ   form"   which   occurs  in   Man  and  other 
Mammals  (Fig.  17). 


Fio.  17.  — Seed  .cells  or  iperm-oella  froni  tho  iomcn  of  *«■ 
The  brood  tide  of  tbo  flxtpned,  pear-«li^>ed  Dudeiu  portioo  of  tho  ipcrni- 
Cell  (tho  Bo.callcd  "(imd  of  tho  Rjiorm.Bnimiklcuk'")  in  rcprrteulcd  io  llic 
drawing*  marked  I;  ihp  nnrroo'  aido  in  tho«c  markod  //  :  1.  kernel  of  the 
*p«rni-cvll;  m,  central  |iortion  (protoplaamh  >•  active  tAil.like  proceaa 
(chip)  ;  il,  four  bumui  ■perni-cvlls ;  A,  two  BpcrniKXPlI*  ot  tbe  a(io ;  K,  of 
tho  rabbit ;    //,  ot  the  common  nion»e ;   C,  of  the  dojj  ;  S,  of  tbo  pig. 

In  1(»77,  wht-n  tlie  Dutch  naturalist,  Lecuwcnhooh ,  first 
diitcuvcrcil  tht'se  filamentous  and  very  active  tiny  Ixtilien 
in  the  human  Hoinen,  they  were  generally  supposed  to  )>e 
distinct,  iiidc|>undent  animalcules,  resoinbling  Infusoria,  an<l 
they  were  at  once  nameil  "  nominal  animalcules."  As  we 
have  alreaily  ohserved,  they  played  an  important  [Mirt 
in  the  erroneous  theory  of  |ircfonimtion  which  wa«  then 
prevalent,  according,'  to  which  the  whole  of  the  develoiKfl 
organism  with  all  its  jiarts  exisO*  |)ri'fomie<i,  thouj^h  very 
Kmall  and  as  yet  unex[)andi!d,  in  each  ttctiiinal  animalcule, 
(Sec   p.  36.)      These    animalcuiea   had   only    to   penetrate 
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into  the  fruitful  soil  of  the  female  egg-cell  in  order  that  the 
preformed  human  body  might  unfold  and  grow  in  all  its 
parts.  This  radically  erroneous  view  is  now  completely 
refuted,  and  the  most  accurate  researches  have  shown  that 
these  active  small  seminal  bodies  are  genuine  cells,  of  the 
form  called  flagellate.  In  the  earlier  expositions  of  the 
subject  a  head,  trunk,  and  tail  were  distinguished  in  each 
of  these  "  seminal  animalcules."  The  so-called  "  head " 
(Fig.  17  k)  is  only  the  longish  round  or  oval  cell-nucleus  , 
the  body,  the  central  portion  (m),  is  only  an  aggregation 
)f  cell  material,  a  prolongation  of  which  forms  the  tail  (s). 
We  now  also  know  that  the  form  of  these  seminal  animal- 
cules is  not  even  peculiar  and  unrepresented  in  other  cells  ; 
for  entirely  similar  vibratory  cells  occur  in  various  other 
parts  of  the  animal  body.  When  these  cells  are  possessed 
of  many  processes  they  are  called  ciliate  cells ;  but  if  they  • 
have  only  one  process,  they  are  said  to  be  flagellate.  The 
ciliated  sponge  particles  afford  instances  of  flagellate  cells 
resembling  those  of  the  sperm-cells. 

Thus  the  process  of  fertilization  in  sexual  generation 
depends  essentially  on  the  fact  that  two  dissimilar  cells 
meet  and  blend.  In  former  times  the  strangest  views  pre- 
vailed with  regard  to  this  act  Men  have  always  been 
disposed  to  regard  it  as  thoroughly  mystical,  and  the  most 
widely  different  hypotheses  have  been  framed  to  account 
for  it.  It  is  only  within  the  last  few  years  that  closer 
study  has  shown  that  the  whole  process  of  fertilization  is 
extremely  simple,  and  entirely  without  any  special  myMary, 
Essentially  it  consists  merely  in  the  fact  that  the  male 
sperm-cell  coalesces  with  the  female  egg-cell.  Owing  to  its 
sinuous  movements,  the  very  mobile  sperm-cell  finds  its  way 
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L-Illtil-aiK-  dl'  tiif  Inttei- 
vith  ilN  ccll-inatci'ial. 


to  tho  foiiijilo  ej^-Cfill.  |H-iu>tmU-s  tlic 
by  A  ]H!rl'ui*atiti<j  imttioii  niul  coalcsct-. 

Vir..  IH  -KcrtihuilioQ  of  tl.-  vgg. 
cell  hy  tho  K|>cnii. cells.  The  tliroaiL 
■tmpod,  lively  s|wrin.cella  pcnotmta 
tliruugh  tlie  poruiu  otnali  ot  Ibo  OKg. 
iDombrBne  into  Ihc  grsnulnr  iiuuh  ot 
jelk,  with  which  thejr  nmalgamntv. 
The  kernel  (nucleiu)  ol  the  ogg-cell 
boa  JiaappcBTcd. 


A  poet  might  find  in  this 
circumstance  a  capital  oppor- 
tunity Tor  painting  in  glowing 
ciilonrs  the  wonderful  mystery  of  the  |>roce33  of  fertiliza- 
tion ;  he  might  descrilK*  the  strugglfs  of  the  living  "seed- 
aniuialciilcH  "  eagerly  <lancing  round  tlie  egg-cell  shut  up 
in  its  many  C)vering8|  ilispiiting  the  passage  through  the 
minute  jmre-canals  of  the  choiion,  and  then  "  of  purjiose  " 
burying  theinsetvci  in  the  protoplasm  of  the  yolk-mass, 
whore,  in  a  spirit  of  self-wicrifico,  they  completely  otface 
themsolves  in  the  l>i;tt4.T  "ego."  Or  a  tLdeolngist  might 
here  find  occasion  to  adiiiiii'  the  iM-cuIiar  wiwlimi  of  the 
Creator,  who  made  many  fine  (Mire-cannls  in  the  egg- 
memhrane  in  order  that  thr  seed -animalcules  might  pass 
thnitigh  them.  But  the  critical  natrirali-'t  very  prosaically 
conceives  this  poetical  inciiknt,  this  "  ciown  of  lnvi,"  as  the 
mere  ciwlescence  of  two  cills      Thi>  result  of  ihis  is  that,  in 

the  first  place,  tl gg-ce!l  is  leiidnx'd  cnpalih'  ^jf  further 

evolution  :  and,  s.-c..ndly.  that  Ihr  h.r.-.litary    .|nniitii-.   «f 
both  [taiintx  are  transuiittt'd  to  th<'  ehild 

The  fniUizM  .-.j.j-.yll  M,  n.", ■,■/.„:■.  ../ .<  ,i»hn-r  enli.fhj 
iliffn-rnt  from  Ihut  uf  lUe  uwfrrl'ilizfi  .v/;/..t//.     For  since 
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we  regard  the  sperm-cell  as  well  as  the  egg-cell  as  true  celL». 
and  since  fertilization  essentially  consists  in  the  amalgama- 
tion of  the  former  with  the  latter,  therefore  the  cell  which 
results  from  this  amalgamation  must  be  regarded  as  an  en- 
tirely new  independent  organism.  It  contains^  in  the  proto- 
plasm of  the  sperm-cell,  a  portion  of  the  paternal,  male  body, 
and  on  the  other  hand,  in  the  protoplasm  of  the  original 
egg-cell,  a  portion  of  the  maternal,  female  body.  This  is 
equally  shown  by  the  fact  that  the  child  inherits  many 
qualities  fi'om  both  parents.  Heredity  from  the  father  is 
transmitted  through  the  sperm-cells,  Heredity  from  the 
mother  through  the  egg-celL  The  new  ceU,  which  is  the 
rudiment  of  the  child,  the  newly  generated  organism, 
originates  in  an  actual  amalgamation  or  coalescence  of  the 
two  cells. 

In  order  to  gain  a  correct  and  clear  knowledge  ol 
fertilization,  I  think  it  is  absolutely  necessary  to  emphasize 
as  quite  fundamental  this  simple  but  most  important 
process,  which  as  yet  is  not  suflSciently  appreciated.  I  there- 
fore assign  a  peculiar  name  to  the  new  cell,  from  which 
the  child  really  proceeds,  and  which  is  usually  inaptly 
called  "  the  fertilized  egg-cell "  or  "  the  first  cleavage 
globule;"  I  shall  call  it  the  parent-cell  (cytula),  and  its 
kernel  {nucleus)  the  parent-kernel  (cytococcus).  The  name 
"parent-cell"  seems  to  me  the  simplest  and  most  apt, 
because  all  the  other  cells  of  the  organism  descend  from  it, 
and  because  it  is  in  the  most  real  sense  both  the  male 
ancestor  and  the  female  ancestor  of  all  the  numerous 
generations  of  cells,  which  are  afterwards  employed  in  the 
formation  of  the  many -celled  organism.  The  very  complex 
molecular  movement  of  the  protoplasm  in  this  parent-cell, 
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summed  up  in  tho  word  "  life/  is  naturally  entirely  dif- 
ferent from  that  of  the  two  distinct  ancestral  cells,  the 
amalgamation  of  which  gave  rise  to  the  parent-cell.  The 
life  of  the  parent-^eU  (Cytula)  ia  tlie  protixLct  or  rcaultani 
of  the  paternal  activities,  transmitted  through  the  sperm" 
eell,  together  with  the  m^itemal  activities,  transmitted 
through  the  egg-cell. 

All  good  recent  observations  agree  in  showing  that 
the  individual  evolution  of  man  and  of  other  animals 
begins  with  the  formation  of  such  a  parent-cell,  and  that 
in  the  course  of  further  evolution  this  then  separates 
by  self-division,  or  cleavage,  into  a  number  of  cells,  the 
so-called  cleavage-globules  or  cleavage-cells  (segmentella). 
But  tlie  most  active  strife  is  still  waged  over  the  question 
of  the  mode  in  which  the  parent-cell  (cyttda)  originates, 
and  of  the  relative  parts  played  by  the  sperm-cell  and  the 
egg- cell  in  the  formation  of  the  i)arent-cell  and  in  the  act 
of  fertilization.  Formerly  it  was  usually  assumed — and 
many  well-known  naturalists  still  adhere  to  this — that  tlie 
original  kernel  (nucleus)  of  the  egg-cell  (p.  136,  Fig.  11), 
the  so-called  germ-vesicle,  is  retained  unaltered  during 
fertilization,  and  that  it  directly  transforms  itself  into  the 
parent-kernel,  "the  kernel  of  the  first  cleavage-globule." 
But  most  more  recent  observers  (with  whom  I  agree)  have 
become  convinced  that  the  germ -vesicle,  the  original  egg- 
kernel,  sooner  or  later  disappears,  and  that  the  parent- 
kernel  (cytococeus)  fonns  itself  anew.  Here  again,  even 
the  question  as  to  the  time  and  mode  in  which  the  ncM 
kernel  of  the  parent-cell  forms  is  at  present  still  much 
debated.  Some  assume  that  the  germ-vesicle  disappears 
before  fertilization,  others  say  that  this  happens  after  ferii- 
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lizaiion.  One  party  affirms  that  it  is  expelled  from  the 
<^gg"Cell,  the  other  that  it  dissolves  in  the  yelk.  Some  are 
of  opinion  that  it  disappears  entirely,  others,  that  it  only 
does  so  partially. 

We  cannot  here  enter  into  the  various  views  which  have 
recently  been  formed  as  to  this  remarkable  incident  in  fertili- 
zation, the  examination  of  which  presents  great  difficulties. 
Those  who  are  particularly  interested  in  it  may  be  referred 
to  valuable  works  on  this  subject  by  Auerbach,  Butschli, 
Hertwig,  Strasburger,  and  othera"  Here  we  can  only 
briefly  indicate  the  view  which  at  present  appears  most 
probable.  Most  students  of  this  point  now  assume  as  a 
universal  incident  in  fertilization  that  the  germ-vesicle,  the 
original  kernel  of  the  egg-cell,  disappears  before  fertilization, 
being  either  expelled  from  the  egg  or  dissolved  in  the  yelk. 
Either  no  part  of  the  egg-cell,  or  only  the  germ-spot 
(niicleolus),  remains  as  a  defined  part  in  the  yelk.  Accord- 
ing to  Hertwig  and  others,  this  germ-spot  amalgamates  with 
the  sperm-kernel,  or  the  kernel  of  the  intruding  sperm-cell, 
and  this  amalgamation  gives  rise  to  the  kernel  of  the 
parent-cell.  On  the  contraiy,  according  to  other  observers, 
the  parent-kernel  (cytococcus)  is  an  entirely  new  formation 
in  the  protoplasm  of  the  parent-cell  (cytula,  Fig.  21). 

At  present,  therefore,  the  majority  of  observers  assume 
that  between  the  original  nucleated  egg-cell  and  the 
known  nucleated  parent-cell  there  is  a  stage  in  which  there 
is  no  real  cell-kernel  or  nucleus,  and  in  which,  therefore,  the 
form-value  of  the  whole  organic  individual  is  no  longer  that 
of  a  true  nucleated  cell,  but  that  of  a  non-nucleated  cytod. 
t.e.  a  simple  protoplasmic  body  in  which  no  true  cell-kernel 
{nv/ieus)  is  to  be  found.     (Cf  p.  129.)     Even  if,  with  Hei-t- 
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*ig,  wc  aiwiiinu  tliat  the  germ-vesiclo  tWs  not  ci>jn{il>;U^1y 
iiiHa|)|tcar.  litit  that  the  gi;riu-s|iot  (tiiu-fr.itlii'i)  i-ciiiAiiis  aiuI 
amalgamateH  at  the  moiimnt  of  fortili/atioii  will)  the 
nticlcus  (or  nacUolusV)  uf  the  s|HU-in-cell,  we  tiiay  8ay  that 
tlic  kernel  of  the  parent-cell  arises  anew  in  tliat  act,  an<l 
that,  therefore,  a  non-nucleated  germ-stage,  in  which  the 
fonn-value  of  the  germ  is  only  that  of  a  cytod,  precedes  the 
one-celled  germ-stage  (the  parent-cell).  For  reasons  which 
we  shall  presently  recognize,  we  shall  call  this  simplest 
(non-nucleated)  stage,  the  Monerula."     (Fig.  ID.) 


Fifi.  IS.  -Mnni-ml*  of  a  Hkirnnnl  (Habhill.  TJip  frrt.liird  em  ™I1,  nflpr 
thp  iliHppi'Bninri'  lit  tbo  |t8nn.n>!iicle,  ii  a  Kimplp  kIiiIh'  iit  prt<(ii]i1ni«ii  {d). 
The  iinlpr  memhraino  in  runnod  bj  the  roodiRcd  tona  j^lUri.ta  (t).  Lumthr 
with  B  inuroii.  Idjer  (*)  Mrrclul  iin  i1k>  c.ui.i.lp  of  tW  ;...ifi  .\  (.-*  ki.ikI- 
■pprnici-lln  (•■)  are  utill  rikibli'  in  Ibr  mpmbrnne. 

Wv  roganl  it  a«  a  fact  of  tin-  ;;ivat^st  int.Ti-Ht  Hint  the 
hinnaii  chil<).  like  that  of  every  oilier  nninial.  is.  in  this 
first  .itajfp  of  it-*  individual  exist,  iici'.  a  non-nnrleati-d  hall 
of  pnitoplasin,  a  tnie  oyt*"!,  a  hoiiiogi-neous,  striictiinli'ss 
IxKiy.  without  different  conHtiluent  |(arts.  For  in  thi.s 
"  Monerula-form  "  the  structure  of  the  animal,  and   thn-s  uf 
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the  human  oi^nisin,  is  of  tho  simplest  conceivable  nature. 
The  simplest  actually  known  oiganisms,  and  at  the  same 
time  the  simplest  conceivable  organisms,  are  the  Monera, 
most  of  vhich  are  minute,  microscopic,  and  formless  bodies, 
consisting  of  a  homogeneous  substance,  of  an  albuminous  or 
mucous,  sofl>  mass,  and  which,  though  they  are  not  com- 
posed of  diverse  organs,  are  yet  endowed  with  all  the  vital 
qualities  of  an  oi^anism.  They  move,  feed,  and  repro- 
duce  themselves   by   division   (Fig.   20).      These    Monera 


Frn.  20.— A  Moneron  {Pntatnaha)  in  the  Wt  of  reproduction.  A.  The 
whole  M<ineron,  which,  like  the  A-mceba  (Pig.  13),idi)Vbb  by  meana  of  change. 
nble  procesBea.  B.  The  Moneron  is  pinched  m  at  a  central  point,  so  that  it 
IB  divided  into  two  halvea.  C.  The  two  balves  have  separated  and  each 
now  forma  an  independent  inditidual.     (Mnch  enlat^^ed.) 

are  of  great  importance,  owing  to  the  fact  that  they 
afford  the  surest  starting-point  for  the  theory  of  the  origin 
of  life  on  our  earth.  We  shall  presently  have  further  oc- 
casion to  point  out  their  signiiicance.  (Cf  Chapter  XVI.) 
Here  we  need  only  give  due  weight  to  the  very  remarkable 
fact  that,  both  in  germ-historj'  and  in  tribal  history,  the 
animal  organism  begins  its  evolution  as  a  structureless 
mucous  ball.  The  human  organism,  like  that  of  tlie  higher 
animals,  exi.sts  for  a  short  time  in  this  simplest  conceivable 
form,  and  its  individual  evolution  (ommences  from  this 
simplest  form.     The  entire  human  child,  with  all  its  great 
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future  )>ussibilitieR,  is  in  thiM  nLagu  only  h  small,  siiiiplt'  liall 
of  (>riuiitive  tilirne  ([)i-oU>{jla.siii,  Fi<;.  M>).  Tlic  iiKiiiln-aim 
is  still  there,  but  seems  to  be  an  cntii-cly  |ia.s.sivi;  {lart  of  the 
egg,  and  takes  nu  real  share  in  tlie  active  pruccs.'ses  nf  the 
evolution  of  this  egg.  We  may,  tlierefore,  for  a  time  [>aBS 
over  this  membrane,  for  we  shall  afterwartls  ent^r  into  the 
changes  which  it  undergoes  in  a  later  stage ;  as  regards  the 
actual  procctw  of  evolution,  it  is  entirely  withoiit  si^riiilicance. 
At  present  we  need  only  concern  ourBclves  witli  the  contents 


Fio.  Xl.— Pmnt-rcll  or  OTtala    of 
kf^mel  :     n,  narloiilDa  ur   tb< 
modifiod  lonii  ptliuciJti :  i,  ij 


Harotnal    (Hal 
p,  pnHojiluni 
;  h,  ciWniBl  album 


of  the  globular  <'^,  the  homogeniiius  yelk,  which  when 
in  this  condition  we  call  the  Monenda.  in  allusion  t^i  the 
Monera-fonn. 

Although  ni(ir]»hoIi(gicaIIy  we  can  see  no  d<'fitii-<1  con- 
stituent partfl  in  the  Moncrula,  yet  chemically  wi-  must 
r(^r<)  the  latter  an  the  complex  prmluct  of  at  leaxt  four 
different  constituents ;  these  are  :  (1)  the  protoplamn  of  the 
maternal   egg-cell ;    (2)    the   protoplsmn    of   tlie   natemal 
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sperm-cell ;  (^)  the  substance  of  the  maternal  gcrm-vesicle 
(kernel-substance  or  nudein  of  the  egg-cell) ;  and  (4)  the 
substance  of  the  paternal  sperm-kernel  (kernel-substance  or 
niidem  of  the  sperm-cell).  From  the  mixture  of  the  two 
former  substances  (1,  2)  the  protoplasm  of  the  parent-cell 
(Fig.  21,  p)  seems  to  originate  ;  from  the  mixture  of  the  two 
forms  (3,  4)  the  parent-kernel  (cytococcua)  seems  to  origin- 
ate (Fig.  21,  ky^ 

The  parent-cell  {cytvla.  Fig.  21),  which  was  formerly 
regarded  as  merely  the  "fertilized  egg-cell,"  differs  very 
essentially,  therefore,  from  the  original  egg-cell,  both  in 
point  of  form  (morphologically),  and  in  point  of  composition 
(chemically),  and  lastly,  also  in  point  of  vital  qualities 
(physiologically).  Its  origin  is  partly  paternal,  partly 
maternal;  we  need  not,  therefore,  be  surprised,  when  we 
see  that  the  child,  which  develops  from  this  parent-cell, 
inherits  individual  qualities  from  both  parents.® 

The  vital  activities  of  each  ceU  form  a  sum  of  mechani- 
cal processes,  which  depend  radically  on  movements  of  the 
smallest  "life  particles,"  the  molecules  of  the  living  sub- 
stance. If  we  call  this  active  substance  the  Plasson,  and 
the  molecules  the  Plastidules,  we  may  say  that  the  indi- 
vidual physiological  character  of  each  cell  depends  on  the 
molecular  movements  of  its  plastidules.  The  plasiidule 
movemeTita  of  the  cytula  are  therefore  tlie  resultant  of  the 
u,nited  plastiduie  movements  of  the  fefmale  egg-cell  xnd  of 
the  male  sperm-cell.  If  we  regard  the  two  latter  as  the 
sides  of  the  parallelogram  of  forces,  then  the  plastiduie 
movement  of  the  cytula  is  the  diagonal  In  my  work  ou 
the  "Perigenesis  of  Plastidules"  (1876),  I  have  explained 
the  impoi-tant  bearing  of  this  conception  in  explanation  of 
the  elementary  processes  of  evolution. 
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I.  The  FertUUing  Male, 
or  Paternal  Sexual 
CelL 


The  8penn-eell. 
Spermule. 

8yn.        Thread  -  cell. 
Seed- animalcule.    Sper- 
matozoa.    Zoo8}>erui. 
Fig.  17,  p.  173. 


Constituent  Parts. 

I.  A.  Protoplaim  of  the 
Sperxn-celL 

{Spermojyla  -ma.) 

The  centnil  portion 
and  the  Uiil  of  the  see<l. 
thread,  tojrether  with 
the  outer  shvuth  of  the 
"  head." 

I.    B.    Kernel    (nurUug) 
of  the  8perm-eell. 

{Sp^rntororcuH.) 

Sperm  kernel  (lf<Tt- 
w»g).  *•  litad  of  llie 
•perm-aniitial "  (fi'ith 
the  exception  of  the 
thin  outer  tfheath). 


II.  The  Fertiliied  Female, 
or  Maternal  Sexual 
CelL 


The  Egg-cell. 

OvuU. 

Syn.  The  unfcrtilizcnl 
egg. 

Fig.  l.p.122. 
Fig.  10,  p.  13*. 


Conatitumt   ParLs. 
II.  A.  Protoplasm  of  the 
Egg-cell- 

(Oi'op //!.<? ma  ) 

Yelk.egij  vflk,  L#«'cy- 
thus,  vit<liu«. 


II.  B  Kernel  C>mi  ',-..) 
of  the  Egg-cell. 

((/iv  »<■//<- »•»/.<  ^ 

G<*rm  vesich'.or  Pur 
kiiiji*'«  *"«*si(l«'  ( \  e-i  'I  ,'a 
(irrminattva),  roiit. till- 
ing the  gi-rui  •'iH»i 
{^Macula  (tTintri'tti  a), 
or  th«'  nucleiiluf*,  w  li  <  h, 
accord i n g  to  II i •  1 1 u  i •/, 
beoocncw  the  t^g-ketiiel. 


III.  The  Hew  CeU,  the 
product  of  the  Conert- 
•eenee  of  L  and  IL 


The  Parent-eelL 
Oyfulo. 
Syn,  The  fertilised 
etrg-  The  first  cloavHge- 
globule.  The  oldest 
cleavage -cell.  Segnien- 
tella  prinia. 

Fig  21,  p.  181. 


Constituent  Parts. 

III.  A.  Protoplaem  of 
Parent-eell:  CleaTage- 
jelk. 

{CytuJojthanxa,) 

Protopi:i.'«m  of  the 
fir-t  cl«*nvn'^e  •  gK>buIe 
(the  priMiiirt  of  th(f 
ainniLmtnation  of  I.  A. 
and  11.  A. 

III.  B  Kernel  (nurUug) 
of  the  Parent-celL 

( ''yfu//»foct  t/«.) 

'  CUm vago  kernel  (Hert- 
"  i:;).  (jfriu  ■  kernel 

(.Siiaj*burgcr).  Kernel 
ot  the  finit  cl«*avage> 
gloJ.ule  (product  tf  the 

t  aui'dgarunti<»o  of  the 
ip<-rui. kernel  and  the 
egj». kernel  ?).** 


CHAPTER   VIII. 

EGG  CLEAVAGE  AND  THE   FORMATION    OF    THE  GERM- 
LAYERS. 


First  Processes  after  the  Fertilization  of  the  Eg^.cell  is  complete.— Origina] 
or  Palingenetio  Form  of  Egg-oleavago. — Signiiicance  of  the  Cleavage- 
process. — Malberry.germ,  or  Morula. — Germ-vesicle,  or  Blastnla.  Germ, 
membrane,  or  Blastoderm. — Inversion  (Invagination)  of  the  Germ-vesicle. 
— Formation  of  the  Gastmla. — Primitive  Intestine  and  Primitive 
Month. — The  Two  Primary  Germ-layers;  Exoderra  and  Entoderm.— 
Kenogenetic  Form  of  Egg-cleavage. — Unequal  Cleavage  {segmentatio 
inequalis)  and  Hood-gastrnla  (Amphigastrula)  of  Amphibia  and 
Mammalia. — Total  and  Partial  Cleavage. — Holoblastic  and  Meroblastic 
Egg^. — Discoidal  Cleavage  {segmentatio  diseoidalia)  and  Diso-gastrula 
{Discogastrula)  of  Fishes,  Reptiles,  Birds. — Superficial  Cleavage  {seg- 
mentatio superficialis)  and  Vesicolar  Gastrula  (Peri-Qa^trula)  of  Ar. 
ticulates  (4rifcropoda).— Permanent  Two-layered  Body-form  of  Lower 
Animals.  —  The  Two-layered  PrimsDval  Parent-form  ;  Gastrsea.  — 
Homology  of  the  Two  Primary  Germ-layers  in  all  Intestinal  Animals 
(Metaufa), — Significance  of  the  Two  Primary  Germ-layers. — Origin 
and  Significance  of  the  Four  Secondary  Germ. layers. — The  Ezoderm 
or  Skin-layer  gives  rise  to  the  Skin-sensory  Layer  and  the  Skin* 
fibrous  Layer.— The  Entoderm  or  Intestinal  Layer  grives  rise  to  tbc 
Intestinal-fibrous  Layer  and  the  Intestinal-gland ninr  Layer. 

"  The  distinguishing  of  the  strata,  or  lavers,  in  the  embryonic  membrane 
was  a  turning-point  in  the  study  of  the  history  of  evolution,  and  placed 
later  researches  in  their  proper  light.  A  division  of  the  (disc-shaped) 
embryo  into  an  animal  and  a  plastic  part  first  takes  place.  When  this 
division  is  complete,  each  part  has  two  layers.  In  the  lower  part  (the 
plastic  or  vegetative  layer)  are  a  serous  and  a  vascular  layer,  each  of  pccu- 
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liar  organization.  In  the  upper  part  also  (the  animal  or  ncroua  germ-lajcr) 
two  lajers  arc  clearly  distinguii^hable,  a  fleshlajer  and  a  8kin-layer." — Karl 
Ernst  Barr  (1828). 

The  first  processes  which  occur  in  the  evolution  of  the 
individual,  after  tlie  impregnation  of  the  egg-cell  is  com- 
plete, and  after  the  formation  of  the  parent-cell,  are  essen- 
tially similar  throughout  the  whole  animal  kingdom,  and 
always  begin  with  the  so-called  yelk -cleavage,  and  the 
formation  of  the  germ-layer&  Only  the  lowest  and  simplest 
animals,  the  Primaeval  Animals,  or  Protozoa,  are  peculiar  in 
this  respect.  These  latter  include  the  Monera,  Amoebae, 
Qregarinae,  Flagellata,  Rhizopoda,  Infusoria,  and  others. 
All  these  Primaeval  Animals  reproduce  themselves,  as  far  as 
we  yet  know,  only  asexually,  by  division,  the  formation  of 
buds,  spores,  germ-ceUs,  and  so  on.  On  the  other  hand,  they 
never  have  true  eggs,  i.e,  genn-cells,  to  the  evolution  oi 
which  fertilization  is  necessary.  Nor  do  they  ever  form 
true  germ-layers.  All  other  animals,  on  the  contrary,  all 
true  animals,  or  Metazoa  (as  we  may  call  them,  in  contra- 
distinction from  the  Protozoa)  have  true  eggs,  and,  from  their 
impregnated  eggs,  form  true  germ-layers.  This  is  as  true 
of  the  low  Plant-animals  and  Worms,  as  of  the  higher 
developed  Soft-bodied  animals  {Moliusca,)  Star-animals 
(Echinodei^ia),  Articulated  animals  (Arthropoda),  and  Ver- 
tebrates." 

The  most  important  processes  of  germination  are  essen- 
tially similar  in  all  these  true  Animals  (the  Primaeval  animals 
being  excluded).  In  all,  the  parent-cell,  which  arose  from 
the  fertilized  egg-cell,  separates,  by  repeated  cleavage,  into 
a  large  number  of  simple  ceils.  All  these  cells  are  direct 
followers  or  descendants  of  the  parent-cell,  and,  for  reasons 
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which  will  be  explained  later,  are  called  Cleavage-cells  or 
Cleavage-globules  (aegTnentella),  The  repeated  process  of 
division  of  the  parent-cell,  which  gives  rise  to  the  cleavage- 
cells,  has  long  been  known  as  egg-cleavage,  or,  inaccurately, 
as  cleavage  (segmentation).  At  an  earlier  or  later  stage,  the 
entire  \nass  of  cleavage-cells  divides  into  two  essentially 
different  groups,  which  range  themselves  in  two  separated 
cell-strata ;  the  two  primary  germ-layers.  This  formation  of 
the  germ-layers  is  a  process  of  the  greatest  significance,  and 
the  real  beginning  of  the  formation  of  the  true  animal  body. 

It  is  only  quite  recently  that  the  fundamental  germinai 
processes  of  egg-cleavage  and  the  formation  of  the  germ- 
layers  have  been  thoroughly  understood,  and  their  real 
significance  rightly  estimated.  In  the  various  animal  groups 
these  processes  exhibit  various  striking  differences,  and  it 
was  no  easy  task  to  show  their  essential  similarity  or 
identity  throughout  the  whole  animal  kingdom  (always 
excepting,  of  course,  the  Primaeval  Animals,  or  Protozoa). 
It  was  only  after  I  had  established  the  Gastnea  Theory,^ 
in  1872,  and  afterwards,  in  1875,  had  traced  back  indi- 
vidual forms  of  egg-cleavage  and  of  the  formation  of  the 
gastrula  to  one  and  the  same  type-form,  that  this  important 
identity  could  be  regarded  as  really  proved.  This  furnished 
a  single  law  which  conditions  the  earliest  germinal  processes 
of  all  animals.^ 

The  relation  of  Man  to  these  earliest  and  most  import- 
ant processes  is  entirely  similar  to  that  of  other  higher 
Mammals,  and  especially  to  that  of  Apes.  As  the  human 
germ  or  embryo,  even  in  a  much  later  stage  of  its  formation, 
when  the  brain-bladders,  the  eyes,  the  organs  of  hearing, 
the  gill-arches,  etc.  are  also   present,  does   not  essentially 
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differ  from  the  correspondingly  developed  embryos  of  other 
higher  Mammals  (Plate  VIL,  1st  row),  wc  may  quite  safely 
assume  that  the  earliest  germinal-processes,  the  cleavage  of 
the  egg  and  the  formation  of  the  germ-layers,  also  corre- 
spond. As  yet,  however,  these  processes  have  not  been 
actually  observed  ;  for  there  has  never  been  an  opportunity 
of  dissecting  a  female  of  the  human  species  immediately 
afler  fertilization  is  completed,  and  of  seeking  the  parent- 
cell,  or  the  cleavage-cells,  in  the  oviduct  As,  however,  the 
youngest  human  embryo  (in  the  form  of  germ -vesicles), 
which  have  yet  been  really  observed,  as  well  as  the  subse- 
quently developed  germ-forms,  correspond  in  all  essential 
points  with  those  of  the  Rabbit,  the  Dog,  and  other  higher 
Itlammals,  no  reasonable  man  can  doubt  that  egg-cleavage 
and  the  formation  of  the  germ-layers  proceeds,  in  the  one 
ease  as  in  the  other,  in  the  way  represented  in  Plate  II. 
Fig.  12-17." 

The  particular  form  which  egg-cleavage  and  the  forma 
tion  of  the  germ-layers  assume  in  the  case  of  Mammals,  is, 
however,  by  no  means  the  original,  simple,  and  palingenetic 
form  of  germination.  On  the  contrary,  it  has  been  very 
much  changed,  vitiated,  and  kenogeneticaliy  modified  in 
consequence  of  numerous  embryonic  adaptations.  (C£  p.  12.) 
It  is,  therefore,  impossible  from  a  mere  study  of  it  to  learn 
its  nature.  On  the  contrary,  in  order  to  obtain  this  know- 
ledge, it  is  necessary  to  study  and  compare  the  various 
forms  of  egg-cleavage,  and  of  the  formation  of  the  germ- 
layers,  which  occur  in  the  animal  kingdom ;  and  it  is 
especially  necessary'  to  search  for  the  original,  palingenetic 
form,  from  which  the  modified,  kcnogenetic  form  of  germi- 
nation of  Atammals  gradually  arose  at  a  much  later  tunfL 
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This  original,  palingenetic  form  of  egg-cleavage,  and 
of  the  foimation  of  the  germ-layers  is  altogether  unrepre- 
sented in  the  present  day  in  the  Vertebrate  tribe,  to  which 
Man  belongs,  except  in  the  lowest  and  oldest  member  of 
this  tribe,  the  remarkable  Lancelet  or  Amphioxus  (Cf. 
Chapters  XIII.  and  XIV.,  and  Plates  X.  and  XL).  But  it 
is  still  found  in  exactly  this  form  in  many  low  inverte- 
brate animals — for  example,  in  the  remarkable  Sea-squirta 
(Aaddia),  in  the  Pond-snail  {Limmcetia),  in  the  Arrow-worm 
{Sagitta) ;  also  in  many  Star-animals  (Eckinoderma)  and 
Plant-animals, — for  example,  in  the  common  Star-fish  and 
Sea-urchin,  in  many  Medusae  and  Corals,  and  in  the 
simplest  Chalk  Sponges  {Olynthua).  As  an  example,  let  us 
examine  the  palingenetic  egg-cleavage  and  formation  of 
the  germ-layers  of  an  eight-rayed  single  Coral,  which  I 
found  in  the  Red  Sea,  and  described  in  my  Arahischen 
Korallen  under  the  name  of  Moiuxcenia  DarvdnU,^ 

After  the  Monerula  (Fig.  22,  A)  has  changed  into  the 
parent-cell,  or  cytula  (£),  the  latter  divides  into  two  similar 
cells  (C).  The  kernel  of  the  parent-cell  first  parts  into 
two  similar  halves ;  these  part  asunder,  shrink  from  each 
other,  and  then  act  as  centres  of  attraction  to  the  surround- 
ing  protoplasm ;  after  this  the  protoplasm  becomes  con- 
tracted by  a  circular  groove  running  round  its  circumference, 
and  then  separates  into  two  similar  halves.  Each  of  the 
two  cleavage-cells,  which  are  thus  produced,  again  separates 
in  the  same  way  iuto  two  similar  cells,  the  plane  of  division 
between  these  two  latter  lying  at  right  angles  to  that 
between  the  two  former  (Fig.  22,  D),  The  four  similar 
cleavage-ceUs,  the  descendants  in  the  second  generation  of 
the  i>arent-celL  lie  in  one  plane.     Each  of  these  now  again 
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divides  into  two  similar  halves,  the  division  of  the  cell- 
kernel  again  preceding  that  of  the  surrounding  proto- 
plasm. The  eight  cleavage-cells  thus  produced  bisect  in 
the  same  way  into  sixteen.  Thirty -two  cleavage  cells  are 
formed  from  these  by  further  division.  As  each  of  these 
again  bisects,  sixty -four  of  these  cells  are  produced ;  after- 
wards one  hundred  and  twenty-eight,  and  so  on.*  These 
repeated  and  similar  bisections  finally  result  in  the  produc- 
tion of  a  globular  mass  of  similar  cleavage-cells;  we  call 
this  mass  the  mulberry-germ  (morula).  The  cells  lie  as 
close  together  as  the  drupes  of  a  mulberry  or  blackberry ; 
so  that  the  entire  surface  of  the  round  mass  appcai-s  rugged 
(Fig.  22,  E).     (C£  Plate  II.  Fig.  3.«) 

After  this  egg-cleavage  is  completed,  the  solid  mulberry- 
germ  changes  into  a  hollow  globular  vesicle.  A  watery 
liquid  or  jelly  collects  in  the  centre  of  the  solid  ball ;  the 
cleavage-cells  part  asunder,  and  all  seek  the  surface  of  the 
ball  Here  by  mutual  pressure  they  become  multilatcrally 
flattened,  assume  the  form  of  truncated  pyramids,  and  range 
themselves  in  order,  side  by  side,  in  a  single  stratum 
(Fig.  22,  F,  (?)  This  cell-stratum  is  called  the  gemi-mcm- 
brane  (blastoderma) ;  the  cells  (all  of  one  kind),  a  simple 
stratum  of  which  forms  the  germ- membrane,  are  called  the 
germ-membrane-cells  {cellulce  blastodermicce);  and  the  entire 
hollow  ball,  the  walls  of  which  are  composed  of  these  cells, 
is  called  Uie  germ-membrane- vesicle,  or,  briefl}',  the  germ- 
vesicle,  or  vesicular-germ  (blastula ;  formerly  called  the 
vosicula  blastodermica).^  The  inner  cavity  of  the  hall, 
which  is  filled  with  clear  licjuid  or  jelly,  is  called  the 
cleavage-cavity  {cavufn  segmentariufn),  or  the  gerra-cavitj 
(blastooodoma). 
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Fio,  22.  —  Germination  of  a  Coral  {Monoxenia  Darwinii)  :  i4,  Moncrula; 
f?,  Parfnt-ccll  (Cytnla)  ;  C,  two  cloavaprc-cclls ;  /),  four  cleavage -coUaj 
h't  Mulborry.gorin  (^foru^a) ;  f,  tho  Gorininal  vesicle  (Blastula) ;  O,  Ger. 
minal  voHicle  in  section  ;  //,  Germinal  vehicle  (invortc<l)  in  section  ;  /, 
Gastrula  in  lungitudiual  section;  K,  Gastrulny  or  Gbrui-oup,  soeu  from 
outside. 

In  this  Coral,  as  in  many  other  low  animals,  the  young 
animal-germ  begins  to  move  even  in  this  stage,  and 
swims  alx)ut  independently  in  the  water.  A  long,  thin, 
thread-like  process,  a  whip  or  thong,  grows  out  from  each 
of  the  cells  of  the  germ-membrane ;  and  these  inde- 
pendently exert  slow  vibrations,  which  afterwards  be- 
come quicker  (Fig.  22,  F).  Each  cell  of  the  germ-membrane 
is  thus  transfoi-med  into  a  vibrating  whip-cell.  The  whole 
globular  germ-vesicle  revolves  or  turns,  and  is  driven  about 
in  the  water  by  the  united  force  of  all  these  vibrating  whip- 
processes.  In  many  other  animals,  especially  in  those  in 
which  the  germ  is  developed  within  closed  e^g- membranes, 
the  vibrating  whip-threads  on  the  cells  of  ti.e  germ-mem- 
brane are  not  developed  till  a  later  period,  or,  even,  are  not 
formed  at  all.  The  germ- vesicle  is  capable  of  growing  and 
extending,  for  the  cells  of  the  gemi-membrane  increase  by 
repeated  division,  which  occurs  within  the  surface  of  the 
ball,  and  more  liquid  is  secreted  in  the  centre  cavity. 

A  most  imi)ortant  and  remarkable  process  now  occurs ; 
this  is  the  inversion  of  the  germ-vejiicle  (inva(jinatio  bias- 
tidce.  Fig.  22,  //).  The  ball,  the  wall  of  which  is  cellular, 
consisting  of  a  single  layer,  changes  into  a  cup  with  a  two- 
layered  cellular  wall.  (Cf  Fig.  22,  G,  //,  /.)  The  outer  sur- 
face of  the  ball  becomes  flattened  at  a  particular  point ;  and 
this  flattening  deepens  into  a  groove.  The  groove  becomei 
deeper  and  deeper,  growing  at  the  expense  of  the  central 
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germ-cavity,  or  cleavage-cavity.  The  latter  decreases  in 
proportion  as  the  former  extends.  At  last  the  central  germ- 
cavity  entirely  disappears,  while  the  inner,  inverted  portion 
of  the  germ-membrane,  the  wall  of  the  groove,  attaches  its 
inner  surface  to  the  inner  surface  of  the  outer,  uninverted 
portion  of  the  germ-membrana  At  the  same  time,  the  cells 
of  the  two  parts  assume  a  different  form  and  size ;  the  inner 
cells  become  rounder  ;  the  outer  become  longer  (Fig.  22,  /). 
The  germ  thus  acquires  the  form  of  a  cup  or  goblet- 
shaped  body,  the  wall  of  which  consists  of  two  different 
cell-layers,  while  the  cavity  in  its  centre  grows  outward  at 
one  end,  at  the  place  where  the  inversion  originated.  This 
highly  important  and  interesting  germ-form  is  called  the 
germ-cup  or  the  intestinal  larva  (Oaatrula,  Fig.  22,  /,  in 
longitudinal  section ;  K,  surface  view).® 

The  Gastrula  seems  to  me  the  most  important  and 
significant  germ-form  of  the  animal  kingdom.  For- in  all 
true  animals,  the  Protozoa  excepted,  the  egg-cleavage 
results  either  in  a  genuine,  original,  palingenetic  gastrula 
(Fig.  22,  /,  /i),  or  in  an  equivalent  kenogenetic  germ- 
form,  which  has  arisen  secondarily  out  of  the  earlier  form, 
and  which  mi^y  be  referred  directly  back  to  that  form, 
r  is  certainly  a  most  highly  interesting  and  significant  fact, 
that  animals  of  the  most  diverse  tribes,  Vertebrates,  Soft- 
bodied  Animals  {MoUvlsco),  Articulated  animals  {Arthro- 
poda),  Star-animals  {Echinodernia),  Worms,  and  Plant- 
animals  (Zoophyta)  develop  from  one  common  germ-form 
In  most  striking  illustration  of  this,  I  place  side  by  side 
several  genuine  Gastrula  forms,  taken  from  tribes  of  animals 
(Fig.  23-28,  with  the  description). 

This  extraordinary  importance  of  the  Gastrula  makes 
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it  necessary   that  we  sliuuld   most  carefully  examine   tlic 

structure  nf  its  body.     Oi-diiiarily    it   is   invisible    U)   titc 

Flo.  24.  Kic!.  2:1.  Km.  26.  t'lu.  :i7. 


Tto.iA. 


Fin-  2R 


Fin.  23.— (.4)  GulraUot  »  Zonphjl«  iGattrnphyiemn) .  (Iliix-kH  ) 
Fro  !4.-(B)  G«tnil«  of  ■>  Worm  (.So,.(M).  (Art*r  K..wd,v.k,v.) 
Fin.  25.-<(')  CMUlrula  nf   ui    Frf-hiniKlfrnu  (Rtufiah,    Irailrr)      (After 

AleianJer  Atiunii.) 

Fio.  iS.~{li)  (JutruU  ot  kD  Arthro|»il  (.VoNpJiiu) 

Fl.i.27      {O<;«lrol».,ttt  M..IIUM- (l'.ii..l -nail, /."i.«.r"-).      (Afl.r  K«l 

Rabl.) 

Kill.  :M-(0  (iutnilm  of  a  Wrtcbralp  (I^ncctM.  Aniyhiorui)      i.KTtei 

In  all,  I*  indii-atpn  Iho  pHoiitivp  iiilciiliaal  caiilj;  o.  llio  priniiliri'  imiulhi 
•,  tbo  clcaTa){e-caTil7  ;  >,  the  (^tnliTin.  or  inlritiiMil  lirrr ;  ',  the  piodprm, 
or  •kin-lmjer. 
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aaked  eye,  or,  at  most,  under  favourable  circumstances,  it 
is  seen  as  a  tiny  speck,  usually  ^ — ^,  or  at  most  J — J 
millimetre  in  diameter ;  it  is  hardly  ever  more.  In  form 
the  body  of  the  Gastrula  is  usually  cup-like ;  sometimes  it 
is  rather  egg-shaped,  sometimes  rather  ellipsoid  or  fusiform  ; 
in  other  cases  it  is  more  hemispherical,  or  almost  spherical ; 
and  again  in  others,  longer  or  almost  cylindrical  The 
geometric  outline  of  the  body  is  highly  characteristic;  it 
is  marked  by  a  single  axis  with  two  differing  poles.  This 
axis  is  the  main,  or  longitudinal  axis  of  the  future  animal 
body ;  one  pole  is  the  mouth,  or  oral  pole ;  the  opposite  is 
the  aboral  pola  This  outline  with  one  axis  distinguishes 
the  Gastrula  very  essentially  from  the  globular  Blastula 
and  Morula,  in  which  all  the  axes  of  the  body  are  similar.® 

I  shall  call  the  central  cavity  of  the  Gastrula-body  the 
primitive  intestine  (protogaster),  and  its  opening  the  pri- 
mitive mouth  (protostoma).  For  this  cavity  is  the  original 
nutritive,  or  intestinal  cavity  of  the  body,  and  this  opening 
originally  served  to  adiuit  food  into  the  body.  It  is  true 
that  at  a  later  period  the  primitive  intestine  and  the 
primitive  mouth  appear  very  different  in  the  different 
tribes  of  animals.  This  is  especially  true  of  Vertebrates, 
in  which  only  the  middle  portion  of  the  later-formed  in- 
testinal canal  proceeds  from  the  primitive  intestine;  and 
in  which  the  later  mouth-opening  is  a  formation  entirely 
independent  of  the  primitive  mouth,  which  closes.  It  is, 
therefore,  necessary  to  distinguish  clearly  between  the 
primitive  mouth  and  intestine  of  the  Gastrula  on  the  one 
hand,  and  the  later-formed  intestine  and  mouth  of  the 
developed  Vertebrate  on  the  other.** 

The  two  cellular  layers  which  surround  the  cavity  of 
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the  primitive  iiitoHtiite,  and  alom^  cmiKtitiiti'  tlic  wiiil  ol 
the  latter,  arc  nf  very  gi-eat  Hij^iitieaiico.  For  thc-se  two 
which  alune  constitute  the  whule  Ixxly,  ari.-.  in  fact,  the 
two  [iriiiiary  germ-layers,  or  primitive  germ-tayei-s  (Uan- 
iop/it/lUi).  Their  fundamental  niguiticance  hft-s  aheady  been 
pointed  out  in  the  historical  intnxluction  (Cliapter  III.). 
The  outer  cell-layer  ia  the  skin-layer,  or  exodenn  (Fig.  2!),  e); 
the  inner  cell-layer  U  the  intestinal  layer,  or  entoderm 
(Fig.  29,  e).  The  whole  body  of  all  true  animals  proceeds 
solely  from  these  two  primary  genii-layei-M.  The  skin- 
layer  furnishes  the  outer  body-wall;  tlie  intestinal  layer 
forms  the  inner  wall  of  the  intestine,  and  directly  surrounds 
the    intestinal   cavity.      At  a  later  period  a  cavity  forma 


Fio,  Sg.—Thp  (iMtmla  of  a  Clislk  S|mnB 
B,  in  loaftitndinBl  nerlion  throaKh  the  tii*  : 
intcatiiiftl  Cktitj) ;  n,  primitiri'  idouUi  (pni 
inner  o-lllayvror  the  budv—all  (Ih.'  ii.iior 
tinal  Uycr)  ;  *■,  the  ontpr  rp)l-liiji-T  (Ihi-  t.iilp 
Uyer).' 
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between  the  two  germ-layers ;  this  cavity,  filled  with  blood 
or  lymph,  is  the  body-cavity  (cosloma).^ 

The  two  primary  germ-layers,  the  outer  or  serous,  and 
the  inner  or  mucous  layer,  were  first  clearly  distinguished, 
in  1817,  by  Pander,  in  the  incubated  Chick  (p.  51).     But 
their  full  significance  was  first  thoroughly  recognized  by 
Baer,  who,  in  his  "  History  of  Evolution  "  (1828),  gave  the 
name  of  animal  layer  to  the  outer  layer,  that  of  vegetative 
layer  to  the  inner.     These  names  are  very  apt,  because  it  is 
the  outer  layer  which  especially  (if  not  exclusively)  gives  rise 
to  the  animal  organs  of  sensation  and  movement,  the  skin, 
the  nerves,  and  the  muscles ;  while,  on  the  other  hand,  it  is 
especially  from  the  inner  layer  that  the  vegetative  organs 
of  nourishment  and  reproduction,  the  intestine  and  blood- 
vessel  system   in  particular,  arise.     Twenty   years  after- 
wards  (in  1849)  Huxley  pointed  out   that  in  many  low 
Plant-animals  {Zoophyta),  such  as  the  Medusje,  the  whole 
body   permanently   consists   only  of   these    two    primary 
germ-layers.     The  outer  of  these  he  called  the  ectoderm,  or 
exoderm ;  the  inner  he  named  the  endoderm,  or  entoderm. 
Recently  Kowalevsky  and  Ray  Lankester  especially  have 
tried   to  show    that   other    Invertebrate    animals   of   the 
most  diverse  classes,  in  Worms,  Soft-bodied  Animals  (Mol- 
lusca),  Star-animals  (Echinoderma),  and  Articulated  animals 
(Arthropoda),  form  from   the   same   two    primary    germ- 
layers.     Lastly,  I  have  myself  shown  that  this  is  the  case 
also  in  the  lowest  Plant-animals,  in  Sponges ;   and  at  the 
same  time  I  tried  to  prove  in  my  GastraBa  Theory  that  these 
two  primary  germ-layers  must  be  considered  as  of  the  same 
significance,  or  as  homologous,  in  all  cases,  from  Sponges 
and  Corals  to  Insects  and  Vertebrates,  including  Man. 
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Ordinarily  the  cells  of  the  Gastrula-gcnn,  which  com- 
pose the  two  primary  germ-layers,  already  present  recog- 
nizable diflTerencea  In  most  cases,  if  not  in  all,  the  cells 
of  the  skin-layer,  or  exoderm  (Fig.  29,  e),  are  smaller,  more 
numerous,  and  brighter  coloured ;  on  the  other  hand,  tlie 
cells  of  the  intestinal  layer,  or  entoderm  (Fig.  29,  i),  are 
larger,  less  numerous,  and  darker.  The  protoplasm  of  the 
exoderm  cells  is  clearer  and  firmer  than  the  darker  and 
softer  cell-substance  of  the  entoderm  cells;  the  latter  are 
generally  much  richer  than  the  former  in  fatty  particles. 
The  cells  of  the  intestinal  layer  usually  also  have  a  much 
greater  affinity  for  colouring  matter,  and  take  up  carmine, 
aniline,  and  so  on,  from  solution  much  more  quickly  and 
vigorously  than  do  the  cells  of  the  skin-layer. 

These  physical,  chemical,  and  morphological  differences 
in  the  two  germ-layers  correspond  to  their  physiological  dif- 
ferences, and  are  of  great  interest,  because  in  them  we  see  the 
first  and  earliest  process  of  division  or  differentiation  of  the 
animal  body.  The  germ-membrane  (blastoderma),  which 
forms  the  wall  of  the  globular  germ-vesicle,  or  Blastula 
(Fig.  22,  F,  0),  consisted  solely  of  a  single  layer  of  similai 
cells.  These  cells  of  the  germ-membrane,  or  blastoderm,  are 
usually  formed  in  a  very  regular  and  even  way,  and  are  of 
entirely  similar  size,  form,  and  qualities.  Generally  they 
are  flattened  by  pressing  against  each  other,  and  are  often 
uniformly  six-sided.  This  unifonnity  of  the  cells  disap- 
pears, at  an  earlier  or  later  period,  during  the  inversion 
(invoffinatio)  of  the  germ-vesicle.  The  cells,  composing 
the  inverted,  inner  part  of  the  germ-vesicle  (which  after- 
wards form  the  entoderm)  usually  assume,  even  during  the 
process  of  inversion  (Fig.  22,  H),  a  nature  differing  tram 
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that  of  tliu  culls  wliicli  conntitiite  t!io  miter,  iiniiivcrt«(l  jmrt 
(tlic  fiitiii'O  exodenii).  Wlien  the  ])vi>ci'jw  is  complected,  the 
histological  difTercnces  in  the  cells  of  the  two  primary 
geiin-layei-a  are  usually  very  strongly  inaiked  {Fig.  30). 
Tlie  small,  bright-coloured  cells  of  the  exoderm  (e)  are 
clearly  distinguishable  from  the  laiger,  darker  cells  of  the 
entoderm  (i). 


Ftc  30 — Cells  fmoi  the  two  primnrj  germ. 
lajere  ot  a  MaiiiiiiRl  (from  tbo  two  slrala  ot 
the  germ  membrane)  :  i,  the  larger,  darker 
cells  of  tlio  inoet  Btratum,  the  vi-f(i'tative 
germ  la}er  oreotodfrui!  p.tlic  aniall,  bi'ighl«r- 
coloart-d  cclleof  the  outer  striitnm,  tlic  nnimnl 
gLnn  lajor  or  exulerm. 


At  prtsent  we  have  only  con- 
sukud  that  fonii  of  ei^.cleavage,of 
gdin  layer  and  gastndation,  which 
on  many  and  important  gi  minds  w  e  are  juHtilied  in  regard- 
ing as  the  original,  primary,  and  palingcnetic  form.  We  call 
this  the  primordial,  or  original,  form  of  e^-cleavagc  ;  and 
the  Gastrula,  resulting  frani  this,  we  call  the  Bell-gastrula 
(ArdiignntruUi,).  In  a  form  exactly  similar  to  that  of  our 
Coral  {Monoxeniti,  Fig.  2^),  we  meet  with  this  Bell-ga-itrula 
in  the  lowest  Plant-animals,  in  the  Gastiophysema(Fig.  23), 
also  in  the  simplest  Chalk  S]»ong.-s  {Ohpithm,  Fig  20), 
in  many  Medusa;  and  Hydra-polyps;  in  low  Worms  of  dif- 
ferent cla.sses  (Saijitta,  Fig  24  ;  Asijvlix.  Plate  X.  Fig.  1-4); 
again,  in  many  Star-animals  (h't-liiniKlfntui,  Fig.  25);  in 
low  Articulated-animals  {Artha>iio<hi.  Fig.  20),  and  Soft- 
bodied  Animals  {Miillumi,  Fig.  27) ;  lastly,  in  the  lowest 
Vei-tebratc  C/liiiii/(iP.T(M.Fig.  28;   Plate  X.  Fig.  7-10). 
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Although  the  animals  which  we  have  named  belong  to 
the  most  diverse  classes,  they  all  have  this  in  common 
with  each  other  and  with,  many  other  animals,  that,  owing 
to  constant  heredity,  they  have  retained  the  palingenetic 
form  of  egg-cleavage  and  Gastrula-formation,  which  they 
received  from  their  oldest  common  ancestors,  up  to  the  pre- 
sent day.  This  is,  however,  not  true  of  the  large  majority 
of  animals.  On  the  contrary,  in  them  the  original  pixx^ss 
of  germination  has,  in  the  course  of  many  million  years, 
gradually  changed  in  a  greater  or  less  degree,  and  has 
become  vitiated  owing  to  adaptation  to  new  conditions  of 
evolution.  Both  the  egg-cleavage,  or  segmentation,  and 
the  formation  of  the  Gastrula,  or  gastrulation,  which 
succeeds  the  segmentation,  have  in  consequence  of  this 
acquired  an  aspect  which  is  in  many  ways  different  In 
the  course  of  time  the  differences  have  even  become  so 
marked  that  the  cleavage  process  of  most  animals  was 
wrongly  interpreted,  and  the  Gastrula  of  these  animals  was 
altogether  unknown.  It  is  only  owing  to  the  extensive 
comparative  researches  which  I  instituted  in  late  years 
among  animals  of  the  most  diverse  classes,  that  I  have  been 
enabled  to  indicate  the  one  common  process  which  under- 
lies those  processes  of  germination,  apparently  so  different, 
and  have  tittced  l^ack  all  the  diverse  forms  of  germination 
to  the  one  original  form,  the  fonn  which  has  already  been 
described.  To  distinguish  them  from  this  primary  palin- 
genetic form  of  gennination,  I  shall  call  all  the  secondary 
forms,  varying  from  the  primary,  vitiated,  or  kenogenetio 
processea  The  more  or  less  varying  Gastru la-form,  which 
results  from  this  kenogenetic  egg-cleavage,  may  be  called, 
generally,  the  secondary,  modified  Ga3trula>  or  MeiagaMrulcL 
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Among  the  many  and  various  kenogenetic  or  vitiated 
forms  of  egg-cleavage  and  gastrulation,  I  again  distinguish 
three  different  chief  forms:  1.  Unequal  cleavage  (segmen- 
tatio  iruBqualis,  Plate  II.  Fig.  7-17) ;  2.  Discoidal  cleavage 
(fiegmerUaiio  diacoidalis,  Plate  III.  Fig.  18-24!);  and  3. 
Surface  cleavage  {aegmenUitio  superfidalis,  Plate  III.  Fig. 
25-30).  Unequal  cleavage  results  in  a  Hood-gastrula 
(Amphigastrula,  Plate  II.  Fig.  11  and  17);  discoidal  cleavage 
results  in  a  Disc-gastrula  {Discogastrvla,  Plate  IIL  Fig.  24); 
surface  cleavage  results  in  a  Bladder-gastrula  {PerigastrvZa, 
Plate  III.  Fig.  29).  The  last  form  does  not  occur  among 
Vertebrates,  with  which  we  are  now  specially  concerned; 
it  is,  on  the  contrary,  the  usual  form  among  Articulated 
Animals  (Spiders,  Crabs,  Insects,  etc.).  In  Mammals  and 
Amphibia  the  cleavage  is  unequal,  and  the  Gastrula  is  a 
Hood-gastrula ;  this  is  equally  true  of  the  Ganoid  fish  and 
the  Round-mouths  (Lampreys  and  Hagfishes).  On  the  other 
hand,  in  most  Fishes,  and  in  all  Reptiles  and  Birds,  we  find 
the  discoid  form  of  cleavage,  and  a  Disc-gastrula.  (Cf. 
Table  IIL) 

As  Man  is  a  true  Mammal,  and  as  human  germination 
is  entirely  similar  to  that  of  other  Mammals,  the  cleavage 
in  his  case  also  is  unequal,  and  results  in  the  formation  of  a 
Hood-gastrula  (Amphigaatrula,  Plate  IL  Fig.  12-17).  But 
it  is  peculiarly  difficult  to  investigate  the  first  incidents  in 
the  egg-cleavage  and  gastrulation  of  Mammals.  It  is  true 
that  more  than  thirty  years  ago  the  anatomist  BischoflT,  of 
Munich,  laid  a  foundation  for  this  work  in  two  books,  which 
he  published,  on  the  germ-history  of  the  Rabbit  (1842),  and 
on  that  of  the  Dog  (1845) ;  and  that  these  were  afterwards 
followed  by  two  equally  careful  studies  of  the  gemunation 
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of  the  Guinea-pig  (1852),  and  of  the  Roe-deer  (1854).  But  it 
was  only  quite  recently  that  Eduard  van  Beneden,  an  emi- 
nent Belgian  zoologist,  was  able,  owing  to  the  elaborated 
methods  of  preparation  of  the  present  day,  to  throw  full 
light  on  the  obscurity  which  surrounded  the  germination  o/ 
Vertebrates,  and  to  give  a  right  explanation  of  its  details 
It  still,  however,  remains  so  difficult  to  understand  these 
details,  that  it  is  desirable  to  glance  first  at  the  germination 
of  Amphibia.  In  common  with  Mammals,  these  animals 
exhibit  unequal  cleavage,  and  form  a  Hood-gastrula.  But 
the  details  of  germination  are  simpler  and  more  evident  in 
Amphibia  than  in  Mammals,  and  they  are  more  nearly  akin 
to  the  original,  palingenetic  form  of  germination. 

The  eggs  of  the  common,  tailless  Amphibia,  of  the  Frog 
and  the  Toad,  afford  the  best  and  most  convenient  objects 
for  this  examination.  Masses  of  them  are  easily  obtainable 
in  the  spring  from  all  ponds  and  pools;  and  a  careful 
examination  of  the  eggs  with  a  magnifying  glass  is  suffi- 
cient to  show  at  least  the  external  features  of  the  egg- 
cleavage.  In  order,  however,  to  obtain  a  correct  idea  of  the 
intricate  details  of  the  whole  process,  and  to  understand  the 
formation  of  the  germ-layers  and  of  the  gastrula,  the  egg  of 
the  Frog  must  be  carefully  hardened,  and,  the  thinnest 
possible  sections  having  been  cut  with  a  razor  from  the 
hardened  egg,  these  must  be  most  minutely  examined  under 
a  [wwcrful  microscope.** 

The  eggs  of  the  Frog  and  of  the  Toad  are  globular  in 
form,  and  have  a  diameter  of  about  two  millimetres  ;  they 
are  laid  in  great  numbers  in  masses  of  jelly,  which,  in 
the  case  of  the  Frog,  form  thick  lum)ks,  while  those  of  the 
Toad  form  long  strings.     When  the  opaque,  brown,  grey, 
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or  black-<K)loured  egg  is  minutely  examined,  the  uppei 
half  appears  darker  than  the  lower.  In  some  kinds,  the 
centre  of  the  upper  half  is  blacker,  while  the  corresponding 
centre  of  the  lower  half  is  of  a  whiter  colour.*^  This  marks 
a  distinct  axis  of  the  egg  with  two  different  poles.  In  order 
to  give  a  clear  conception  of  the  cleavage  of  this  egg,  it  is 
best  to  compare  it  to  a  globe,  on  the  surface  of  which 
different  meridian  and  parallel  circles  are  marked.  For 
the  superficial  boundary  lines  between  the  different  cells, 
which  result  from  repeated  division  of  the  egg-cell,  have 
the  appearance  of  deep  furrows  on  the  surface,  for  which 
reason  the  whole  process  has  received  the  name  of  "the 
furrowing"  (i.e.  cleavage).®'  But  this  so-called  cleavage, 
which  was  formerly  regarded  with  astonishment  as  a  very 
wonderful  process,  is,  in  reality,  only  an  ordinary  and  often- 
repeated  division  of  the  cells.  Therefore  the  "  cleavage- 
globules,"  which  result  from  it,  are  really  true  cells. 

Unequal  cleavage,  as  we  see  it  in  the  amphibian  egg,  is 
especially  marked  by  the  fact  that  it  begins  at  the 
upper,  darker  pole — the  north  pole  of  the  globe,  according  to 
our  simile — and  proceeds  slowly  downwards  towards  the 
lower,  lighter  pole,  the  south  pole.  During  the  egg-cleav- 
age the  upper,  darker  hemisphere  is  in  advance,  and  its 
cells  divide  more  vigorously  and  quickly ;  the  cells  of  the 
lower  hemisphere,  therefore,  appear  larger  and  less  numer- 
ous.^ The  cleavage  of  the  parent-cell  (Fig.  31,  .4)  begins 
with  the  formation  of  an  entire  meridian-furrow,  which 
starts  at  the  north  pole  and  ends  at  the  south  pole  (B), 
An  hour  later,  a  second  meridian-furrow  arises  in  the  same 
way,  and  cuts  the  first  at  right  angles  (Fig.  31,  (7).  The 
sphere  of  the  egg  is  thus  divided  into  four  similar  segments. 
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Each  of  these  fnur  fii-st  clcav^e-cclls  coiiKtsts  of  an  upper, 
clarker,  and  of  a  inwer,  bn;^hU.T  lialf.  A  few  Iioiu-m  aftcr- 
wiiiil:*  a  tliiixl  furniw  appears,  i>cr|icniJiculaily  to  tin;  two 


I  Fn>tc'*  ''IOC  (1"  limn  enlnrKwl)  A.  (Iin 
floavoKccrlla;  (',  4  colli  1  1>,  H  c<-ll>  (( 
.  11  vrWn  (H  animal  nn<1  I  Trnrtativ)  1  F, 
■tJiiiri-):  */.  at  (vll*  (111  animnl  and  H  rnge. 
,\1.:    K.llirtiU:    I„  96  ck«vaf(o-«ll>i ;    U. 


Fio.  31.— Tho  clMkTaxo  nf 
pnrpnl.cp])  i  II,  llii>   Iwn   finl 

Ifl  cfllx  (H  aaiiual  anil  H  vii 
Utir<!)i  II,  3i  ci'IIk:  /,  IH  r 
100  cWtSKO-wllii  U^'^niiiuuil 

foniier  iVifi.  31,  />■  This  ririu-fnrrnw  in  ^jciiorally.  but 
wnMiyly,  catk-il  the  *"  oi|iiat'>rtal  furniw  : "  it  lies  north  from 
thu  c'<[uat<ir.  anil  Hhiiiil<l,lht'rvfun.\  rather  he  compared  to  the 
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northern  tropical  line.     The  spherical  egg  now  Cdusists  of 
8  cells,  4  smaller,  upper,  or  northern,  and  4  larg'^r,  lower, 
or  southern.    A  meridian-furrow,  starting  from  the  noi-thein 
pole,  now  appears  in  each  of  the  first  four  cells,  each  of 
which  falls  into  two  similar  halves,  so  that  8  upper  cells 
lie  on  4  lower  cells  (Fig.  31,  E).     It  is  only  later  that  the 
four  now  meridian  cells  place  themselves  slowly  on  the 
lower  cells,  so  that  the  number  mounts  from  12  to  IG  {F). 
Parallel  to  the  first,  horizontal  ring-furrow,  a  new  ring- 
furrow  now  appears,  nearer  the  northern  pole ;  this,  there- 
fore, we  may  compare  to  the  arctic  circle.     The  result  of 
this  is  that  we  find  24  cleavage-cells:   IG  upper,  smaller 
and   darker,  and   8  lower,  larger  and  brighter  ((?).     The 
latter,  however,  soon  separate  into  IG,  for  a  third  parallel 
circle  appears  in  the  southern  hemisphere  ;  there  are,  there- 
fore, 32  cells   in   all  (Fig.  31,  //).     Eight  new  meridian- 
furrows  now  arise  at  the  northern  pole,  and,  first  cutting 
the   upper,  darker,  cellular  circle,  afterwards  intersect  the 
lower,  southern    circle,  and    finally    reach    the    southern 
pole.     We  thus  find  stages  in  which  there  are  successively 
40,   48,   56,  and  finally,  G4  cells  (/,  K).     The   inequality 
between  the  two  hemispheres  constantly  becomes  greater. 
While  the  inert  southern  hemisphere,  for  a  long  time,  does 
not  add  to  its  32  cells,  the  vigorous  northern  half  of  the 
globe  furrows  itself  twice  successively,  and  thus  parts  into 
64;  and  then  into  128  cells  (Fig.  31,  L,  M).     In  the  stage 
in  which  we   now  see  the   egg,  there  are,  therefore,   128 
small  cells  on  the  surface  of  the  upper,  darker  half  of  the 
egg-sphere,  and  only  32  cells  in  the  lower,  brighter  half : 
I  GO  cleavage-cells  in  all.     The  ineciuality  between  the  two 
hemispheres  increases  yet  further ;  and  while  the  northern 
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hemisphere  parts  into  a  very  large  number  of  small  cells, 
the  southern  hemisphere  consists  of  a  much  smaller  number 
of  larger  cells.  Finally,  they  almost  entirely  overgrow 
(he  surface  of  the  spherical  egg;  and  it  is  onl}'  at  a  small 
cucular  point  in  the  middle  of  the  lower  hemis|)hcre.  at  the 
south  pole,  that  the  inner,  larger,  and  brighter  cells  are 
visible.  This  white  space  at  the  southern  |  ole  coi  responds, 
as  we  shall  presently  see,  to  the  primitive  mouth  of  the 
Gastrula.  The  whole  mass  of  inner,  larger,  and  brighter 
cells  (together  with  this  white  space  at  the  pole)  belongs 
to  the  entoderm,  or  intestinal  layer.  The  outer  envelope  of 
dark,  smaller  cells  forms  the  exoderm,  or  skin-layer. 

The  often  repeated  division  of  the  cells,  which  a.s 
cleavage  or  segmentation  is  plainly  traceable  on  the  surface 
of  the  egg-sphere,  is  not  confined  to  this  surface,  but  ex- 
tends to  the  whole  interior  of  the  ball  of  the  egg.  The 
cells  also  segment  in  strata,  which  appro.\imately  corre- 
spond to  concentric  strata  of  the  sphere ;  this  pi-ocess  ad- 
vances more  quickly  in  the  upper  than  in  the  lower  half. 
A  large  cavity,  filled  with  licjuid  forms,  has  in  the  mean 
time  arisen,  in  the  interior  of  the  egg-sphere  ;  this  is  the 
cleavage-cavity  (s,  drawings  of  sections  in  Plate  11.  Fig. 
8-11).  The  first  trace  of  this  cavity  makes  its  app.'aranre 
iit  the  middle  of  the  upper  hemisphere,  at  the  point  at 
which  the  three  first  cleavage -jilanes.  which  ai*e  at  right 
angles  to  one  another,  intersect  (Plate  11.  Fig.  8  s).  During 
the  progicss  of  cleavage,  this  hollow  extends  significantly, 
nnl  afterwards  assumes  an  almost  Iiuniispherical  form  (Fig. 
32  F;  Plate  11.  Fig.  9  «,  10  h).  The  archod  roof  of  this 
hemispherical  cleavage-cavity  is  formed  by  the  smaller, 
darker-coloured  cells  of   the  skin-layer,  or    exoderm   (Fijr. 
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32,  D) ,  on  the  other  hand  the  flat  floor  of  the  cavity  ia 
composed  of  the  larger  whiter-coloured  cells  of  the  intes- 
tinal layer,  or  entoderm  (lig.  32  z). 


Flo.  32-35.— Fonr  longitudinal  sectiona  of  tlic  Ecgroontpd  egK  of  a  Tend, 
in  four  HuccCBaive  sUgCB  of  evolution.  In  all,  the  letters  iniJicato  llic  same 
|inrtd:  F,  clenvago-cavity ;  D,  tlie  roof  of  Ihia  cavity;  A,  dtrsnl  hnlf  of 
the  ii^rin ;  B,  inteEtinal  half  j  P,  the  jelk.plUK  (white  circular  space  ol  tho 
lower  pole);  *,  ycllt-cella  of  the  enloderm  (the  Klond-germ  of  Rei 
N,  primitive  intestinal  eftvity  (prntoymfer,  or  Rntconi's  nnlrilivc  rn 
The  primitive  mouth  is  filled  up  hj  the  jclk-ptug  [!')  ;  s,  boiindary  hel 
the  primitive  intestinal  cavity  (N)  anil  the  clcavnge-cnvily  (f)  ;  (,  (',  f i 
throngh  the  swollen  cirenlnr  iip  or  edcu  of  Iho  primitive  n^oiith  [tl 
called  anas  of  Rusconi),  The  dotted  line  between  t  and  I'  iraliiau 
former  connection  lietweeu  the  yclk-jiluK  (!')  at"l  the  eentinl  mats  of 
colls  (i)  In  Fig.  35  the  egg  has  turned  rwuud  90',  so  Hint  iho  dm-nl  Imlf 
of  Iho  ip-rm  (R)  is  seen  nbovu ;  the  inleslinal  half  {It)  id  uuw  turned  iIoim 
ward,     (After  S(ri<-k'T,) 
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A  second  cavity,  narrower  but  larger,  now  arises,  owing 
to  an  inversion  of  the  lower  pole,  and  to  a  separation  in 
the  white  entodenn-cells  next  to  the  cleavage-cavity  '[Fig 
32-85,  N).  This  is  the  primitive  intestinal  cavity  or 
stomach-cavity  of  the  Gastrula,  the  Protofjaster.  It  was 
first  observed  by  Rusconi  in  the  eggs  of  Amphibia,  and 
is  accordingly  called  Rusconi's  "nutritive  cavity.*'  In  the 
longitudinal  section  (Fig.  33)  it  appears  bent  and  sickle- 
shaped,  and  extends  from  the  south  pole  nearly  to  the 
north,  for  it  folds  a  portion  of  the  inner  intestinal  cells 
inward  and  upward — between  the  cleavage-cavity  {F)  and 
the  dorsal  skin  (/2).  The  primitive  intestinal  cavity  is  so 
narrow  at  first  because  the  greater  part  of  it  is  filled  up 
with  the  yelk-cells  of  the  entoderm.  The  latter  also  plug 
up  the  entire  wide  opening  of  the  primitive  mouth,  and 
there  form  the  so-called  yelk-plug,  which  apj>ears  from  the 
outside  as  the  white,  circular  spot  at  the  south  pole  {P), 
Round  this  yelk-plug  the  skin-layer  thickens,  swells,  and 
forms  the  lip  of  the  primitive  mouth  (the  properistoma^ 
Fig.  35  k,  ky  Pi-esently  the  primitive  intestinal  cavity  (N) 
extends  gradually  at  the  cost  of  the  cleavage-cavity  (F); 
and,  finally,  the  latter  entirely  disappears.  A  thin  partition 
(Fig.  34,  a)  alone  separates  the  two  cavities.  That  portion 
of  the  germ  in  which  the  primitive  intestinal  cavity  de- 
velops. aftcr\vards  becomes  the  dorsal  surface  (K).  Tlie 
cleavage-cavity  lies  in  the  anterior,  the  yelk -plug  in  the 
posterior  part  of  the  body.® 

When  the  primitive  intestine  is  complete,  the  Fiog- 
embryo  has  reached  the  Gastrula  stage  (Plate  II.  Fig.  11). 
But  it  is  evident  that  this  kenogenetic  amphibian  Gastrula 
diticrs  greatly  from  the  genuine  palingenetic  Gastrula,  which 
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we  saw  before  (Fig.  23-29).  In  the  latter,  the  Bell-gastrula 
(Arcfiigast'i^a),  the  body  has  but  one  axis.  The  primitive 
intestine  is  empty,  and  the  opening  of  the  primitive  mouth 
is  wide.  The  skin-layer  and  the  intestinal  layer  consist 
each  of  a  single  cell  stratum.  The  two  lie  close  together, 
for  the  cleavage-cavity  has  entirely  disappeared  during  the 
process  of  unfolding.  The  amphibian  Hood-gastrula  (Aim- 
Tphiga^trvla)  is  entirely  different  (Fig.  32-35 ;  Plate  II. 
Fig.  11).  In  this  the  cleavage-cavity  {F)  continues  for  a 
considerable  time  side  by  aide  with  the  primitive  intestinal 
cavity  {N).  Yelk-cells  fill  the  greater  part  of  the  latter; 
and  they  also  fill  the  primitive  mouth  (yelk-plug,  P).  Both 
the  intestinal  layer  (z)  and  the  skin-layer  (a)  consist  of 
eeveral  strata  of  cells.  Finally,  the  general  outline  of  the 
entire  Gastrula,  instead  of  having  only  one  axis,  has  three ; 
for  the  three  axes  which  characterize  the  bilateral  body 
of  the  higher  animals,  are  indicated  by  the  eccentric  evo- 
lution of  the  primitive  intestinal  cavity. 

In  the  evolution  of  the  Hood-gastrula  (Amphigastrula) 
we  are  unable  to  distinguish  sharply  between  the  different 
epochs,  which,  marked  by  the  mulberry -germ  and  the  germ- 
vesicle,  we  saw  followed  each  other  in  the  case  of  the  Bell- 
gastrala  {ArcJdgastrala).  The  Morula-stage  (Plate  II.  Fig. 
9)  is  as  indistinctly  separated  from  the  Bias  tula-stage 
(Fig.  10),  as  the  latter  is  from  the  Gastrula  (Fig.  11).  But 
in  spite  of  this,  we  shall  not  have  much  difficulty  in  retra- 
cing: the  whole  kcno^enetic  or  vitiated  course  of  evolution 
of  this  amphibian  Amphigastrula  to  the  genuine,  paliri- 
genetic  origin  of  the  Archigastrula  of  the  Amphioxus. 

It  iH  far  harder  to  do  this  in  the  case  of  Mammals, 
although  the  course  of  egg-cleavage  and  gastrulation  in 
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tlicse  is.  on  the  whole,  very  similar  to  that  of  Amphibia. 
Until  recently  the  growth  of  the  mammalian  embryo  was 
ei  tirely  wrongly  exjilained  ;  and  it  is  only  lately  (IST'O 
1 1  lilt  Van  lieneden,  whose  views  we  adopt  here,  pointed  out 
its  real  siixnificance.®  His  studies  were  directed  towards 
Uc  embryo  of  the  Rabbit,  an  animal  in  connection  with 
which  Bischoff  first  discovered  the  history  of  the  mamma- 
lian genn.  As  the  Rabbit  in  common  with  Man  belongs  to 
the  group  of  disco-placental  Mammals,  as  this  Rodent 
develops  entirely  in  the  same  way  as  does  Man,  and  as  even 
at  a  later  stage  of  evolution  the  embr}'os  of  Man  and  of  the 
Ilablut  are  hardly  distinguishable  (cf  Plate  VII.  Fig. 
A",  il/),  there  is  not  the  slightest  reason  to  doubt  that  the 
egg-cleavage  and  gastrulation  of  the  two  are  similar. 

When  the  fertilization  of  the  ejjj'  of  the  Rabbit  is  com- 
plete,  and  the  elaboration  of  the  parent-kernel  has  trans- 
fornK<l  the  Monerula  (Fig.  3G)  into  the  parent-cell,  or  cytula 
(Fig.  37).  the  latter  (the  cytula)  separates  into  the  two  first 
cleavage -cells  (Fig.  38).  In  this  process  the  parent-kernel 
first  becomes  fusifonn  and  divides  into  two  kernels  (the 
two  first  cleavage-kernels).  These  repel  each  other  and  the 
two  move  apart  After  this  the  protoplasm  of  the  parent- 
cell,  attracted  by  the  two  kernels,  parts  into  two  halves, 
each  of  which  assumes  a  globular  fonn.  They  afterwanls 
change  from  tliis  globular  to  an  ellipsoid  form  'Fig.  38) 
Thescr  two  cleavai^e-cells  are  not,  as  was  furmerly  believed, 
of  the  same  size  and  KignilicAnce.  The  one  is  lai'ger, 
brighter,  and  more  transparent  than  th»i  other.  Again,  the 
smalli-r  cleavage-cell  Uikes  a  nnj(  h  deejK-T  colour  from  car- 
mine, osmium,  etc.,  than  does  the  larger.  The  two  celln 
thus  airea  ly  betray   Uicii   relatione  to  the  two   primitive 
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Flo  36  — MonornlB  of  a  Mammal  (lUlibil).  The  turtilia'd  pgg.ccll  aflpr 
loBi  of  tbo  fffTm  LH  c  0  n  a  B  mpJo  ball  of  protoplasm  (d).  Tho  outer 
c  vel  jxiofll  a  3  for  rd  ly  tho  mod  ficd  iniin  jitlfiicida  (i)  nml  bja  mncoUB 
]■  ei  (f )       I      h   s  d  p  s  til  on  U  0  oolgLdi!  of  Ilio  luiia.     A  fo«-  apcrm-cella 
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3   38  —Con  nenc  mc   t  ot  clcn  age  In  tl.c  ninmmnlian  vgn  (Itnbbitl. 
The   parent  coll    baa  BCparalcd       to   two  dilTcrm);  eel  la ;  tlio  brigbtcr, 
motbcrcelt  of  tl  0  sk  n  layer  (e)    and  llio  darker,  moihpr-ccll  of  llio  in- 
tent nat   layer    (  )      z    land    jxlluc  da      h,    external  albuniinuns  cnvelopc4 
I  (load  BiHtrui  coll  a 
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^rni-layers.  The  brighter  and  harder  cleavage-ccU  (Fig. 
38,  e)  is  the  mother-cell  of  the  exodenn  ;  the  darker  and 
softer  cleavage-cell  (Fig.  38.  i)  is  the  mother-cell  of  tho 
ent^Mlerin.  All  the  cells  of  the  outer  germ-layer,  the  skin- 
hiyoi,  are  produced  f.om  the  exodcrm  mother-cell  (Fig. 
38,  e;  Plate  II.  Fig.  13,  c).  In  the  same  way  the  whole  of 
the  cells  of  the  inner  germ-layer,  the  intestinal  layer, 
descend  from  the  entoderm  mother-cell  (Fig.  38,  i;  Plate 
II.  Fig.  13,  i).  This  interesting  relation,  which  we  thus  see 
in  the  mammalian  germ,  is  yet  more  pronounced  in  the 
germs  of  many  lower  animals.  In  many  Worms,  for 
example,  at  the  beginning  of  cleavage,  the  parent-eel) 
parts-  into  two  cleavage-cells  of  very  dissimilar  size  and 
chemical  qualities.  In  such  cases  the  mother-cell  of  the 
exodcrm  is  often  very  many  times  smaller  than  the  ento- 
derm mother-cell,  which  contains  a  large  store  of  nutritive 
yelk. 

The  two  first  cleavage-cells  of  the  Mammal,  which  are 
(o  be  regarded  as  the  mother-cells  of  the  two  primary  genn- 
layers,  now  contemporaneously  separate  into  two  cells  (Fig. 
31);  Plate  II.  Fig.  14).  These  four  cleavage-cells  usually  lie 
in  two  different  planes,  perpendicular  to  each  other;  more 
rarely  in  one  plane.  The  two  larger  and  brighter  cells 
(Fig.  3D,  c),  the  descendants  in  the  lii-st  generation  of  the 
exodcrm  mother-cell,  if  placed  in  carmine,  colour  much 
more  dee|>ly  than  do  the  two  smaller  and  darker  cells,  the 
descemiiints  of  the  entodenii  mother-cells  (Fig.  39,  i).  The 
line  which  connects  the  central  points  of  the  two  latt^T 
cleavage -globu las  is  usually  perpendicular  t4»  that  which 
connects  the  central  points  of  the  two  latter.  Presently 
each  of  these  four  cells  again  divides  into  two  similar  cclk; 
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WG  therefore  find  that  there  are  now  eight  cleavage-cells, 
tlie  desceiidant-j  in  the  third  generation  of  the  parent-cell 
(Fif^.  40).  Four  larger,  brighter,  and  fii-mer  cells  lie  in  one 
plane ;  the  descendants  in  the  second  generation  of  the 
exoderm  mother-cell.  Four  smaller,  darker,  and  softer  cells 
lie  in  a  second  plane,  perpendicular  to  the  former ;  the 
descendants  in  the  second  generation  of  the  entoderm 
mother-cell.  If  we  connect  the  central  ])oints  of  the  oppo- 
site cleavage-ceila  of  one  plane,  two  and  two,  by  straight 
lines,  these  lines  meet  each  other  at  right  angles.  But  the 
four  connecting  lines  of  the  two  parallel  plane.")  together 
intersect  at  an  angle  of  forty-five  degrees  (Fig.  40). 


Ftq.    39— Tho  four  fir  a  nffc 

two  pxcxlcrin-cells  (Inrgpr  b  li  b   g       ) 
and  ilni-kpr) ;  z,  zinn  peltuc  ia     h  a 

Fio.   40.-   BdK  "f  Mnii     n     Rabb   )   i 
onxlf-nn-colls  (liirsfpr  and  b   g        ) 
darker) ;  r.  :onn  }wUnc,ila     ft  ou       a      n 


Now,    however,    the    e  ^1 1    clea  age  cells    alter    their 
original  |)03ition,  and  I    c  the     „lol  ular  fom       One  of  the 
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four  cxofleriTi -cells  iitakon  its  way  into  the  iiiid<Ile  of  tlio 
eell-nia.ss,  niul,  tojji'tiier  with  its  tliixt;  fellows,  fornw  a  [ij'i-a- 
mid  (ur  ti'tr.ilicdruii).  Tlic  four  oxodftriii-cclls  air«ni,'e 
theiiisclvcM  in  the  furm  of  a  cap  over  the  point  of  this 
jiyraniiil  (Plate  II.  Fig.  15).  This  in  the  Ijeginninjj  of  a 
geriiiitinl  process  whicli  miist  be  rpgar«lcd  as  a  shortened 
and  vitiated  repetition  of  the  inversion  of  the  germ-nieiii- 
brane  vt'sicle,  and  which  rcsnlts  in  the  formation  of  a  <!as. 
trula.  From  this  time  the  further  cleavage  of  the  inani- 
nialian  egg  adheres  to  a  rhythm  which  is  moat  es-sentially 
similar  to  that  of  the  Fnig's  egg.  While  in  the  original 
(orprimordialj  egg-cleavage,  the  rhythm  advances  in  rLgnlar 
geometrical  prngn-ssion  (2,  4,  H,  10,  3*  04,  12H,  ami  w>  on); 
in  the  modified  progression  of  the  mammalian  egg,  the 
8et]ueiice  of  niii]d)cni  is  the  same  as  that  of  the  amphihian 
egg:  2, +,S.  li;.  16,24,32,4S.(i4,!Hi,  I(iO,etc.    fCf  TaMe  V) 


Mammal 
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This  depends  ..11  thr  faet  that  fn.m  thi-  time  the  i„..r.- 
vigorous  exi"i.-rin-c.!ls  ineiva-'  nt  n 'iniek.v  ml.'  than  ll>'' 
more  inert  enLnlenii-clU  Th.'  latter  always  r.-inain 
behind  the  former,  and  are  uvergi-iwii  by  them.     This  pn.- 
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cess  in  which  the  inner  intestinal  layer  cells  are  overgrown, 
is  really  nothing  but  the  inversion  of  the  vegetative  hemi- 
8phei"c  into  the  animal  hemisphere  of  the  germ- vesicle ;  i.ft 
the  formation  of  a  Gastrula  (Fig.  41)  * 

Next,  therefore,  follows  a  stage  in  which  the  mamma- 
lian germ  consists  of  12  cleavage-cells;  4  darker  entoderm- 
cells  form  a  three-sided  pyramid  which  is  covered  by  a  cap 
of  12  lighter  exoderm-cells  (Plate  11.  Fig.  15  in  section). 
The  next  stage,  in  which  there  are  16  cleavage-cells,  is  seen 
to  consist  of  4  entoderm-cells  in  the  interior,  4  other  outer 
and  lower  entoderm-cells ;  while  the  8  exoderm-cells,  in  the 
form  of  a  hemispherical  cap,  cover  the  upper  half  of  the 
germ.  This  cap  of  exoderm-cells,  which  increase  in  number 
from  8  to  16,  continues  to  overgrow  the  inner  cell  mass;  of 
the  8  entoderm-cells,  3,  4,  or  5  lie  in  the  centre  of  the  germ, 
and  the  rest  at  the  base  of  the  globular  geiTn  (Plate  II. 
Fig,  16).  This  24-celled  stage  is  followed  by  one  in  which 
there  are  32,  for  the  8  entoderm-cells  also  double  their 
number.  This  is  afterwards  succeeded  by  germ-forms  in 
which  there  are  48  cleavage-cells  (32  exoderm  and  16  ento- 
derm); 64  cleavage-cells  (32  skin-layer  and  32  intestinal 
layer) ;  96  cleavage-cells  (64  exoderm  and  32  entoderm), 
and  so  on. 

When  the  mammalian  embryo  has  acquired  96  cleavage- 
cells,  a  stage  which,  in  the  case  of  the  Rabbit,  is  reached 
in  about  the  70th  hour  after  fertilization,  the  charac- 
teristic fonn  of  the  Hood-gastrula  (A mphigastrula)  becomes 
plainly  visible  (Fig.  41 ;  cf  Plate  II.  Fig.  17  in  section). 
The  globular  embryo  consists  of  a  central  mass  of  32  soft, 
roundish,  dark  granular  entoderm-cells,  which,  by  mutual 
pressure,  are  flattened  multilaterally,  and  which   assume 
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t  aark  brown  colour  when  treated  with  osmic  aciJ  (Fig. 
41,  t).  This  dark  central  cellular  mass  is  surrounded  by 
a  brighter  globular  membrane,  composed  of  6\  smaller  cube- 
shaped  and  finely  granulated  exoderm-cells,  which  lie  side 
by  side  in  a  single  layer,  and  take  up  very  little  colour  from 
osmic  acid  (Fig.  41,  e).  The  exoderm-membrane  is  broken 
only  at  one  single  point,  when  1,  2,  or  3  entodcrm-cells 
pierce  to  the  surface.  The  latter  form  the  yelk-plug 
which  entirely  occupies  the  primitive  mouth  of  the  Gastrula 
(o).  The  central  primitive  intestinal  cavity  is  filled  by 
entoderm-cells  (Plate  II.  Fig.  17).  The  single  axis  of  the 
outline  of  the  mammalian  Gastrula  is  thus  clearly  indi- 
cated.^ 

Although  the  unequal  egg-cleavage  and  gastnilation  of 
Mammals  and  Amphibia  present  various  peculiarities,  it 
is  comparatively  easy  to  trace  these  processes  back  to  the 
egg-cleavage  and  gastrulation  of  the  lowest  Vertebrate,  the 
Amphioxus,  which  is  entirely  similar  to  the  form  of  cleav- 
age carefully  examined  by  us  in  the  case  of  the  Coral.  (Cf 
Fig.  22  and  28.)  All  these  and  many  other  classes  of 
animals  agree  in  that,  in  their  egg-cleavage,  the  whole  c^g 
parts,  by  repeated  division,  into  a  large  number  of  ccll.s. 
All  such  animal  eggs  have  long  been  called  holoblastic,  n 
name  given  them  by  Remak,  because  in  them  the  cleavage 
into  cells  extends  to  the  whole  mass;  or,  in  other  words,  is 
rotal  ( Plate  II.). 

In  very  many  other  classes  of  animals  this  is,  however, 
nut  the  case ;  for  instance,  among  Vertebrates,  in  Birds,  liep- 
tiles,  and  most  Fishes;  among  Articulated  animals  {Ariliro' 
jfoda),  in  Insects,  most  Spidei^  and  Crabo;  among  SolV 
bsxlicd  auimalfl  {Alollum:u),  in  Cepbaloi>o<U  or  Cuttle-tishea 
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In  all  these  animals,  both  the  ripe  egg-cell,  and  the  parent* 
cell,  into  which  fertilization  transfuims  this  egg-cell,  consist 
of  two  quite  distinct  and  separate  parts,  which  are  distin- 
guished respectively  as  the  formative  yelk  and  the  nutritive 
3  elk.  The  formative  yelk  (yitelltia  formativua,  or  morpItO' 
itcithua)  is  the  nucleated  egg-ceU,  capable  of  evolution,  which 
divides  in  the  process  of  cleavage,  and  produces  the  nu- 
merous cells  which  constitute  the  embryo.  The  nutritive 
yelk  (vUellv^  nutHtivus,  or  tropholedtkvs),  on  tlic  other 
hand,  is  a  mere  appendage  of  the  true  egg-cell,  and  contains 
hoarded  food-substance  (albumen,  fat,  etc.);  so  that  it  forms 
a  sort  of  storehouse  for  the  embryo  in  the  coui-se  of  its 
evolution.  The  embiyo  absorbs  a  quantity  of  nutritive 
matter  from  this  storehouse,  and  finally  entii  ely  consumes  it. 
Indirectly,  therefore,  the  nutritive  yelk  is  of  great  import- 
ance in  germination.  Directly,  however,  it  takes  no  share 
in  the  process,  for  it  is  not  concerned  in  the  cleavage,  and 
is  not  cellular.  Sometimes  the  nutritive  yelk  is  smaller, 
sometimes  larger;  generally  many  times  larger  than  the 
formative  yelk ;  for  which  reason,  greater  impoitance  was 
formerly  attached  to  the  nutritive  than  to  the  formative 
yelk.  All  eggs  which  have  this  independent  nuti  itive  yelk, 
and  of  which,  therefore,  only  a  portion  undergoes  cleavage, 
are  called  meroblastic,  the  name  given  them  by  Remak ; 
their  cleavage  is  incomplete  or  partial  (Plate  III.). 

It  is  not  easy  correctly  to  apprehend  this  paitial  egg- 
cleavage,  and  the  peculiar  form  of  Gastrula  which  results 
from  it;  and  it  was  only  quite  recently  that  comparative 
research  enabled  me  to  remove  this  difficulty,  and  to  retrace 
this  kenogenetic  form  of  cleavage  and  gastrulation  to  the 
original,  palingenctic  form.     The  sea  eggs  of  one  of  the 
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Osseous  Fishes  (Tetcostei),  the  evolution  of  wliicli  1  .studied 
at  Ajaccio,  in  Coi-siea,  in  1H7'>,  \vi;iv  nl'  the  yioaU'st  KL-rvice 
to  me  in  tliis  res|H;ct  (Plate  III.  Kij^  IS  -lij.  ]  foimil  these, 
massed  U>gotliei'  in  linn]is  of  jelly,  tltiatin};  uii  the  surfaee  of 
the  se&i  and  &s  the  tiny  e^'gs  were  (iiiite  transiuuetit,  1  was 
easily  able  to  wateli  each  stage  In  the  evolution  of  the 
genn.'"  The-so  eggH,  proViahly  those  of  a  cod-Hsh  of  the 
Uaddoid  family,  hut  [)erha|)s  of  a  (,'ottoid,  are  col<iuHes« 
globules,  as  trans i much t  as  glass,  and  of  rather  more  than  half 
a  millimetre  in  diameter  (0(J4 — OOG  mm.).  Within  a  thin, 
structureless  but  finu  ej^-metiihrane  {ilivrion.  Fig.  42,  c)  lies 

Flo,  43.  — Kgg  lit  mi  ocuinic  Omcuuii 
Fiih;  p,  |>roU>pU(ini  of  the  |MT«nl.cclt ;  t 
kernel  ot  paront.crll ;  n,  clp&r  albumia- 
ou*  bait  of  uutrilive  >clk ;  /,  r>t>globu1o 
oF  tho  loiter  i  t,  eiternal  ogg-monibranp, 
or  chorion. 

a  lai^e  alhuminous  ball,  which 
isi|nitt  transparent  and  as  clear 
as  water  (n).  At  both  polea  of 
the  axis  of  this  ball  there  is  a 

groox'e-Iike  indentation.  In  the  groove  at  the  upper  pole, 
which,  in  the  floating  egg,  is  turned  downivanls,  lies  a 
simple,  Ientil-.sha|)ed  cell,  containing  a  ktritel  i  h'i^.  42,  }(). 
Ill  the  unfertilized  egg.  this  is  the  original  egg-cell ;  after 
n-rtilizalion  it  is  llio  jiarent-cell  In  th--  int.'rval  U'twtt;!! 
thfse  two  nucleated  stagen  theii-  is  proliaMy  a  Mon- 
nurlenteil  condition,  rcpreH'iit'ng  tlie  .Moncrula  At  iho 
o;>poeite  pole  of  the  egg,  in  the  Uw-r  -jv.u.v,:  l,.-^  n  Miiiple. 
clear  bt-gh'lmle ''/'].  This  smnll  fat-<:loKnh'  nn-l  ilie  largn 
aJbumindUM  globule  ttig^'ther  firm  the  nutritive  yelk.     The 
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small  cell  alone  is  the  formative  yelk,  and  is  the  only  pan 
concerned  in  the  cleavage  process,  which  does  not  extend 
to  the  nutritive  yelk.^ 

The  cleavage  of  the  parent-cell,  or  the  formative  yelk, 
proceeds  entirely  independently  of  the  nutritive  yelk,  and 
in  quiet,  regular,  geometric  progression.  (Cf.  Plate  III.  Fig. 
18-24.)  Only  the  formative  yelk,  with  the  contiguous 
portion  of  the  nutritive  yelk  (n),  is  represented  in  the 
perpendicular  section  (through  a  meridian-plane);  the 
greater  part  of  the  nutritive  yelk  and  the  egg-membrane 
is  therefore*  omitted.  The  parent-cell  (Fig.  18),  first  sepa- 
rates into  two  similar  deavage-cells  (Fig.  19).  By  repeated 
division,  this  gives  rise  to  4,  then  8,  then  16  cells  (Fig.  20). 
By  continued  contemporaneous  division,  32,  and  then  64 
cells  originate  from  these  ;  and  so  the  process  goes  on.  All 
these  cleavage-cells  are  alike  in  size  and  character.  At  last 
they  form  a  lentil-shaped  mass  of  closely  layered  cells  (Plate 
III.  Fig.  21).  This  entirely  coiresponds  to  the  globular 
mulberry-germ  of  the  primordial  cleavage-process  {Morula, 
Plate  IL  Fig.  3).  The  cells  of  this  lentil-shaped  mulberry- 
germ  now  move  ofi^  in  a  peculiar  centrifugal  direction, 
so  that  the  mulberry-genn  changes  into  a  vesicular  germ 
{Blastula,  Plate  III.  Fig.  22).  The  ordinary  lentil  be- 
comes  a  disc,  in  the  shape  of  a  watch-glass,  with  thickened 
edges.  Just  as  a  watch-glass  lies  upon  a  watch,  this  con- 
vex cellular  disc  lies  on  the  upper,  more  slightly  arched, 
pole  surface  of  the  nutritive  yelk.  Meanwhile,  liquid  has 
collected  between  the  disc  and  the  surface  of  the  nutritive 
yelk,  so  that  a  low  circular  cavity  has  been  formed  (Fig.  22, «). 
This  is  the  cleavage-cavity,  and  corresponds  to  the  cleavage- 
cavity  in  the  centre  of  the  pr.Mngentic  Blastula  (Plate  IL 
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Fig.  4).  The  slightly  arched  Hoor  of  this  low  cleavage- 
cavity  is  formed  of  luitritivu  yelk  (u);  the  more  arched  vtnA' 
is  of  HIastula-cells.  In  fact,  the  «Mnhry<»ui(!  Fish  is  now  a 
vesicle  with  an  eccentric  cavity,  a.s  was  the  IJIiistula  <>f  the 
Frog  (Plate  11.  Fig.  10). 

The  important  process  of  inversion,  resulting  in  gastru- 
lation,  now  takes  place.  In  consequence  of  a  further  re- 
moval, or  wandering,  of  the  hlastula-cells,  and  of  a  further 
increase  in  their  number,  tlie  thickened  edges  of  the  cellular 
disc,  which  lie  on  the  nutritive  yelk,  grow  toward  each 
other  in  a  centripetal  direction,  and  toward  the  centre  of 
the  cleavage-cavity  (Fig.  tl'\),  at  which  point  they  finally 
unite.  The  whole  cill-mass  now  forms  a  small  Hat  sac  lying 
on  the  top  of  the  nutritive  yelk.  The  cavity  of  this  sac, 
the  cleavage-cavity,  scjon,  however,  <lisappears,  because  the 
whole  upper  surface  of  the  lower  wall  of  the  sac  attaches 
itsidf  closely  to  the  wluile  lower  surface  of  the  upper  wall 
(Fig.  21";.     This  completes  the  gastruhition  of  this  Fish. 


Fl'i.  \\.  —  r)i8C.j!jastriil;i  ( /)i /•■*.>  /a •- 
trnta)  nf  nn  Ohhcouk  F'iiili  :  »,  rxtxlrrm  ; 
I,  «»iit(Hlt'rm  ;  w,  8W0II0H  t^ltjo,  or  primi- 
(ivo  tif 'ith-C(l^«!  ;  ti,  nUttiiiiinou.H  Uill 
of  nuir.rivt?  yelk  ;  /,  fat  i^'l'llMll(>  with. 
Ill  th'^  Kttor;  '•,  «njt«T  t'i."^' nutiihrano 
(flu  r.nn)  4  •},  lM)uii(larv  iK'twri-u  ouU*. 
«%rrn  .".in!  c'\<Hl«'rin  ^rnitu«.T  .sih*  «»f  tlu* 


In  ordorto  distinj^uish  (his  third  impoi-tant  form  of 
Ci;tstrula  from  thr  two  previously  mmtionrd.  wr  will  call  it 
M.e  l)is(..ga.stnila  I  Ih^n^j.^^trnln,  Fig  ^:^      Th.-  r«>ll-nia.ss  of 

this  Oastrula  forms  a  thin,  circular  di>c.     The  leaver  concavo 
J7 
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surface  of  this  disc  lies  immediately  on  the  upper,  convex 
surface  of  the  nutritive  yelk  (ii).  On  the  other  hand,  the 
outer  surface  of  the  disc  is  convex  as  in  a  Shark.  If  we 
make  a  perpendicular  section  through  a  meridian-plane  of 
the  globe-shaped  egg,  we  shall  find  that  it  is  composed  of 
several  layers  of  cells  (in  this  particular  case  there  are  four) 
(Plate  III.  Fig.  24).  Immediately  above  the  nutritive  yelk 
lies  a  single  layer  of  larger  cells  (Fig.  24,  i),  which  are 
characterized  by  a  softer,  less  transparent,  and  more  coarsely 
granulated  protoplasm,  and  which  take  up  a  dark  red  colour 
from  carmine.  These  form  the  intestinal  layer,  or  entoderm, 
which  arises  by  the  ingrowth  of  the  edges  of  the  disc 
(infolded  germ-layer).  The  three  outer  layers,  lying  on  top 
of  this  lower  layer,  form  the  skin-layer,  or  exoderm  (Fig.  24, e). 
They  consist  of  smaller  cells  which  take  only  a  slight  colour 
from  carmine ;  their  protoplasm  is  firmer,  more  transparent, 
and  more  finely  granulated.  At  the  thickened  edges  of  the 
gastrula,  the  primitive  mouth-edge  (proper istcyma),  the 
entoderm,  and  the  exoderm  pass  into  each  other  without 
clear  limits  (Fig  43,  w). 

It  is  evident  that  the  most  important  peculiarities  which 
distinguish  the  Disc-gastrula  from  the  two  typical  Gastrula- 
forms  which  we  before  examined,  are  due  to  the  large  nutri- 
tive yelk.  This  takes  no  part  in  the  cleavage,  and  from  the 
fii-st  occupies  the  whole  primitive  intestinal  cavity,  while  at 
Ihe  same  time  it  extends  far  beyond  the  mouth-opening  of 
the  latter.  If  we  imagine  the  original  Bell-gastrula  (Arcki- 
gastnda,  Fig.  23-29)  attempting  to  swallow  a  globe  of 
nutritive  matter  far  larger  than  itself,  in  the  attempt  the 
Gastnila  will  be  spread  out  in  the  form  of  a  disc  on  the 
nutritive  matter,  much  in  the  same  way  as  in  the  Disc- 
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gnairula  (Disco-gastrula,  Fig.  43).  We  may  therefore  infei 
that  the  latter  is  directly,  or  through  the  intennediat43  stage 
of  the  Hood-gaatrula,  descended  from  the  original  Bell- 
gastrula.  It  arose  phylogenctically  owing  to  the  fact  that 
a  store  of  nutritive  matter  collected  at  one  pole  of  the  egg, 
and  thus  formed  a  nutritive  yelk  distinct  from  the  forma- 
tive yelk.  Yet,  notwithstanding  this,  the  Gastrula  in  this, 
as  in  the  former  cases,  was  originated  by  an  inversion  or 
invagination  of  the  Blastula.  We  may,  therefore,  also  refer 
this  kenogenetic  form  of  discoidal  cleavage  (aegmenUitio 
discoidalis)  to  the  oiiginal  and  palingenetic  form« 

Although  it  is  thus  tolerably  easy  and  safe  to  trace  back 
the  descent  of  the  small  egg  of  this  oceanic  Osseous  Fish,  yet, 
on  the  other  hand,  it  seems  hard  to  do  this  with  certainty 
in  the  case  of  larger  eggs,  such  as  occur  in  the  case  of  most 
other  Fishes,  and  in  the  case  of  all  Reptiles  and  Birds.  In 
the  first  place,  the  nutritive  yelk  of  these  is  quite  dispro- 
portionately large ;  so  large,  indeed,  that  it  almost  causes 
the  formative  yelk  to  disappear.  And,  in  the  second  place, 
the  nutritive  yelk  contains  a  number  of  variously  formed 
constituent  parts,  which  are  known  as  the  yelk-granules, 
yelk-globules,  yelk-vesicles,  and  so  on.  The.sc  definite  yelk- 
elements  have  often  even  been  explained  as  true  cells, 
and  it  has  been  quite  wrongly  assumed  that  a  portion 
of  the  body  of  the  embryo  is  found  in  them.''*  Tliis 
is  by  no  means  the  case.  The  nutritive  yelk,  what- 
ever its  size,  always  remains  a  lifeless  store  of  nutritive 
histter,  which,  in  the  process  of  germination,  is  taken  into 
the  intestine  during  its  development,  and  is  consumed  by 
the  embryo.  The  latter  develops  solely  from  the  living 
formative  yelk,  from  the  parent-cell.    This  is  equally  true 
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of  the  small  Osseous-fish  which  we  have  been  examining, 
and  of  the  huge  eggs  of  the  Primitive  Fishes  (Selachii),  of 
Reptiles,  and  of  Birds. 

The  egg  of  the  Bird  is  specially  important  to  us,  for 
most  of  the  important  researches  into  the  evolution  of 
Vertebrates  have  been  founded  on  study  of  incubated  hen*s 
eggs.  It  is  much  harder  to  procure  and  to  examine  mam- 
malian eggs ;  for  which  very  practical  and  incidental  reason 
the  latter  has  been  more  rarely  accurately  studied.  On 
the  other  hand,  hen's  eggs  can  always  be  obtained  in 
any  quantity,  and  artificial  hatching  enables  us  accurately 
to  follow  every  stage  in  the  changes  undergone  by  the 
embryo  in  the  coui*se  of  its  evolution.  As  we  have  seen, 
the  chief  difTerence  which  distinguishes  the  egg  of  the 
Bird  from  the  minute  egg  of  the  Mammal  is  the  very  con- 
sideraV)le  size  of  the  former,  which  is  due  to  the  accumula- 
tion of  a  very  large  mass  of  fatty  nutritive  yelk.  This  is 
the  yellow  mass  which,  daily  consumed  under  the  name  of 
yelk  of  egg,  is  collected  within  the  original  yelk  or  proto- 
plasm of  the  egg-cell.  In  order  to  obtain  a  correct  con- 
ception of  the  Bird's  egg,  the  nature  of  which  has  very 
frequently  been  misrepresented,  we  must  search  for  it  in 
its  earliest  condition,  and  follow  its  evolution  from  its 
beginning  in  the  ovary.  In  this  stage,  we  find  that  the 
oiiginal  egg  is  a  very  small,  naked,  and  simple  cell  with 
a  nucleus,  and  that  it  differs  neither  in  size  or  shape 
from  the  ori^jinal  ejjij-cell  of  Mammalia  and  other  animals. 
(Cf  Fig.  10  L\  p.  134.)  As  in  all  Skulled-animals  (Craniota) 
the  original  egg-cell  or  primitive  egg  (protovuvi)  is  com- 
pletely covered  by  a  continuous  layer  of  smaller  cells,  as 
though  by  an  epithelium.     This  skin -coat,  or  epithelium,  is 
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the  HO-caIle<l  OiiuitiHii  fulltcli'  ;  iiitiiu-'lintfly  iiikIit  tlii^;  the 
stnictiiix-k'ss  ydk-nu'inl.raiK-  is  .s.Trrlr«l  l.y  tin-  ■■g^'-yi-lk. 
Atft  veiy  .-aily  [mUx]  tin-  small  ].i..t,.vnu.  ••{  tb-  liinl 
.  bi'^'iiis  U>  \u\Wi\m  a.  mass  ..f  roiHl-siiUUiic<;  tliroii^li  thu 
yclk-iiieiiiKraiu%  niul  to  olH)>i)ratc  tins  nmttiT  int<i  tlir  so- 
onllcJ  '■  yellow  ydk."  The  pi-ofonnn  is  tluis  transforiiied 
into  tho  iiielovum  (after-egg),  which  is  many  tiiiirs  linger 
than  tlie  ]»i-ot(>viim,  hut  whicli,  iU'ViTtlu-lcss,  is  only  a  single, 
enormously  cnhirgcil  cfli '*  The  nt-c-uiimlation  of  the  lai^ge 
yciiiiw-yi'lk  mass  witiiin  the  Iwll  of  |iriit4i|ilasm  foi-ci's  the 
kernel  (i-.'^k-oU  tjcn„r,,allv<»),  wliiili  is  ciinUiiu-.i  in  tlu; 
latU-r,  quite  to  the  upper  mirface  of  the  yi'lk-iiuws.  Here 
the  kernel  {rrxii-iihi  ^i-nuiuittirii)  is  surroumh'il  hy  11  small 
i|iiantity  of  ))roti)]>lasm ;  ami  th-se  two  togotlur  form  the 
lenlil-shapctl  "  formative  yelk  '  fl"'ig.  *+.  /')  This  !i|iiHai-s 
on  the  outside  of  the  yi-Ilow  yelk-mass,  at  a  jiartieiilar 
]K>iiit  of  Uie  W|i])er  suifaee,  in  the  form  of  a  smnll.  wliite, 
ciixrtilar  jioiiit ;    the  s<i-catle<l   "  tread,"  or    •■/•■•iliifiil-i.       A 


,l..r,,l,  ,1 


rl,lV»,l-likl-  C..1-.1   ..f    wl.il.IIMllitiv..    1,11,        '       v.lM.i,    .,,„l..i,l. 

II..  |.aili<l,-«  ..r  y.-ll..»'  v,-ik.  1I1..1   i-  ~.fl.r  lii»ii    ll..'  y..||.i.v 
iHihilivo    y.-tk,   piL^-.-^    fioi'i   ill.-    Ii.ii-l    'lii'^lly     t..     1I..1 
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centre  of  the  yellow  yclk-mass,  and  there  forms  a  small 
central  ball  of  white  yelk  (Fig.  44,  d).  The  whole  mass  of 
this  white  yelk  is,  however,  not  sharply  divided  from  the 
yellow  yelk,  which  in  hardened  eggs  shows  a  slight  trace 
of  concentric  stratification  (Fig.  44,  c).  Just  as  in  thi^ 
globular  egg  in  the  ovary,  so  also  in  the  hen's  egg  after 
it  has  be6n  laid;  when  the  egg-shell  is  opened  and  the 
yelk  taken  out,  a  small,  circular,  white  disc  is  seen  ou 
the  upper  surface  of  the  latter.  This  disc  represents  the 
cicatricula,  or  tread.  This  small  white  germ-disc  is,  how* 
ever,  far  advanced  in  development,  and  is,  in  fact,  the 
Qastrula  of  the  hen.  The  body  of  tlie  latter  proceeds 
entirely  from  this  Gastrula.  The  whole  mass  of  white  and 
yellow  yelk  is  entirely  without  share  in  the  formation  of  the 
Chick,  for  it  is  only  used  up  as  nutritive  matter  and  con* 
sumcd  as  food  by  the  embryo  in  the  course  of  its  evolution. 
The  transparent,  tough,  and  voluminous  mass  of  albumen, 
surrounding  the  yellow  yelk  of  the  Bird*s  egg,  and  the  hard 
chalky  shell  of  the  egg,  are  formed  round  the  egg,  in  the 
oviduct,  after  it  is  already  fertilized 

After  the  fertilization  of  the  egg  within  the  body  of  the 
parent  Bird  is  complete,  the  germ-vesicle  {vesicuXa  ger^ 
minativa)  probably,  as  in  other  cases,  first  disappears  ;  and 
the  reconstruction  of  a  kernel  results  in  a  parent-cell 
(cytula).  This  lentil-shaped  parent-cell  now  undergoes  a 
discoidal  cleavage  (aegmentatio  diacoidcdis,  Fig.  45)  entirely 
simUar  to  that  of  the  egg  of  the  Fish  (Plato  III.  Fig.  18-24). 
Two  similar  cleavage-cells  {A)  first  arise  from  the  parent- 
ceU.  These  part  into  4  (5),  into  8,  IC  (C),  32,  C4  ceUs,  and 
so  on.  As  before,  the  division  of  the  kernel  always  precedes 
the  division  of  the  cells.    The  planes  of  division  l>etwecn 
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tlic  clcavage-culla  a|>|H;ar  at  the  frx'e  siirfaco  of  the  "  tixsail  " 
AS  "  fuiTowM."  Tliu  two  first  t'liirowH  aru  at  liglit  aiigtes 
ti)  cacU  otliur,  in  tlie  fonn  of  a  cioss  (/(J.  Two  now  furrows 
.then  onginAti',  which  cut  the  foiiiii;!-  two  at  an  angle  of  45", 
The  troail,  which  \a  changing  into  the  germ-diac,  now  forms 


Kir.  4r..-nii>c<>lilml  rl^TURK  <if  i 
ini>ii  rnlnrjrr'l).  Onlv  thi- f<l^^ll^t;TC 
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III!  rill ruH..      f:    A   >tn(.-  «ilh  <:>  111.I1..I   fminm*  ami 

»rdM'rf<.r»...Ii.»i.<r  ni.|i..l  nr.a  ri'.u- rur...«,. .  lli.<  •hoU 
l-.hiii.-Hl  iiii.ll-Trr-;:-r>n  (,l(-.ru(,i)  Ihr  Mi-arMuiB  U 
.vi'i]<.'>  tli<>  (uriu:iliuu  <i[  (lir  rumiitt. 
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an  eight-rayed  star.  A  circular  furrow  now  forms  round 
the  centre,  so  that  the  8  three-cornered  cleavagc-coUa 
become  16,  of  which  8  lie  in  the  middle,  surrounded  by 
8  othera  ((7).  After  this,  new  furrows,  some  circular  and 
othei*s  radiating  from  the  central  point,  succeed  each  other 
more  or  less  irregularly  {D,E).  Finally  this  cleavage- 
process,  like  the  others,  results  in  the  formation  of  small 
cells  of  like  character.^  In  this  case  also,  the  cleavage- 
cells  form  a  circular  lentil-shaped  disc,  which  represents  the 
mulberry-germ,  and  lies  embedded  in  a  slight  deepening  in 
the  white  yelk  (Fig.  46,  in  perpendicular  section).  The 
Morula  in  the  case  of  the  Hen's  egg  is,  however,  thinner  and 
flatter  than  that  of  the  egg  of  the  Osseous  Fish  (Plate  III. 
Fig.  21). 

In  the  Hen's  egg,  just  as  in  that  of  the  Osseous  Fish,  a 
kenogcnctic  germ-vesicle,  or  Blastula,  now  arises  (Fig.  47). 
The  cleavage-cells  of  the  Morula  increase  in  number  and 
move  away  from,  the  nutritive-yelk,  so  that  a  disc,  in 
the  form  of  a  watch-glass,  with  thickened  edges  {w),  is 
again  formed ;  and  a  cleavage-cavity  (s)  is  formed  between 
this  germ-membrane  (Blastoderm a,  Fig.  47,  h)  and  the 
nutritive  yelk.  After  this  the  thickened,  swollen  edge 
turns  inward,  and  a  simple  layer  of  larger,  darker-coloured 
cells  grows  from  the  edge,  centripetally  towards  the  middle 
of  the  cleavage-cavity  (Fig.  4S).  The  meeting  of  these  two 
edges  at  a  central  point  gives  rise  to  the  intestinal  layer,  or 
entoderm  (Fig.  48,  i).  This  attaches  itself  immediately  to 
the  roof  of  the  cleavage-cavity,  the  cells  of  which  form  the 
skin-layer,  or  exoderm  (Fii^.  49,  i).  This  completes  the 
Gastrula  of  the  Cliick,  a  llatly  extended,  di.sc-shaped  Gas- 
ti'ula  {Discoyaatrula),  resembling  that  of  the  Osseous  Fish 
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(Plate  III.  Fig.  24).  While,  however,  in  the  latter  case  the 
nutritive  yelk  is  attached  dii-cctly  to  the  lower  surface  of 
the  entoderm,  filling  the  whole  priniitive  intestinal  cavity, 
a  low  gerui-cavity  remains  between  the  entodei-m  and  the 
nutritive  yelk  in  the  Disc-gastrula  of  tlie  Cliick  ;  this  is  a 
part  of  tlie  primitive  intestinal  cavity  (Fig.  49,  d),  and  must 
not  be  confused  with  the  cleavage-cavity  (Fig.  47,  s,  48,  s). 
The  latter  lies  between  the  nutritive  yelk  and  the  blasto- 
derm, the  former  between  the  nutritive  yelk  and  the  ei»to- 
derm.  The  invei*sion  (invagination)  of  the  Gastrula  is 
complete  when  the  primitive  intestinal  cavity  has  taken 
the  place  of  the  cleavage-cavity,  the  entoderm  at  the  same 
time  attaching  its  inner  surface  to  the  inner  surface  of  the 
exoderm. 

The  germ-disc  {Blastodiscus),  which  in  an  uninculmtcd, 
freshly-laid  Hen  s  egg  lies  at  the  tread,  or  ciaiiricxda,  is 
thus  already  a  complete  Disc-gastrula  (Discogaslrula,  Fig. 
49).  It  is  plainly  visible  to  the  naked  eye,  and  api»o:u.s 
like  a  small,  circular,  white  spot,  4-5  mm.  in  diameter,  in 
the  middle  of  the  upper  surface  of  the  yellow  yelk-mass. 
It  is  separated  from  the  latter  by  the  primitive  intestinal 
cavity,  and  its  thickened  edges  alone  touch  the  latter.  It 
is  possible  to  lift  up  the  entire  Gastrula.  The  two  primary 
germ -layers  are  plainly  visible  in  the  perjKjndicular  section  ; 
an  upper  or  outer  layer  of  small«T,  brighter  cells  forinini; 
tlie  .<jkin-!ayer  (exoderm.  Fig.  49,  e) ;  and  a  lower  or  inner 
layer  of  larger,  darker  cells  forming  the  intestinal  layer 
(entoderm,  Fig.  49  t).'* 

In  order  to  complete  our  survey  of  the  important  ju*o- 
cesses  of  eir^x-ch'Avage  and  gastrulation,  we  will  now  finally 
lance  quickly  at   the  fourth   type  form  of  thc.>>c  pi»K*e.K.ses 
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Buperticial  cleavage  {segmerUatio  aitperficialis,  Plate  III. 
Fig.  25-30).  This  form  is  entirely  unreprescntt'd  among 
Vertebrates.     It,  however,  plays  the  most  important  part 
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In  the  very  extensive  articulated  tribe  (AHhrojxHla),  in 
In.5ects,  Spiders,  Centipedes,  and  Crabs.  The  Gastrula 
which  results  from  this  form  of  cleavage  is  the  Bladdcr- 
gastrula  (PeH-gastrula,  Plate  III.  Fig.  20). 

In  eggs  which  undergo  this  superficial  cleavage,  just  as 
in  the  eggs  which  have  been  mentioned,  those  of  Birds, 
Reptiles,  Fishes,  and  other  animals,  the  formative  yelk  is 
quite  distinct  from  the  nutritive ;  and  the  former  is  alone 
concerned  in  the  cleavage,  which  docs  not  touch  the  latter. 
But  while  in  those  eggs,  the  cleavage  of  which  is  di.scoidal, 
the  formative  yelk  is  eccentric,  and  lies  at  one  pole  of  the 
single  axis  of  the  egg,  while  the  nutritive-yclk  is  massed 
together  at  the  other  pole ;  in  those  eggs,  on  the  contrary, 
which  undergo  a  superficial  cleavage,  we  find  that  the 
formative  yelk  is  spread  over  the  whole  surface  of  the  egg, 
8urix)unding  the  nutritive  yelk  in  the  form  of  a  bladder, 
which  is  central,  and  situated  in  the  midtlle  of  the  egg. 
The  cleavage,  as  it  affects  only  the  fonner,  not  the  latter, 
is  naturally  entirely  superficial ;  the  provision,  which  is 
massed  in  the  centre,  Ls  entirely  untouched  by  it.  Other- 
wise, this  superficial  cleavage  proceeds  quite  re<rularly,  like 
the  original  cleavage,  in  geometrical  pro;,nession.  (IMato 
III.  Fi^  25-30  represents  several  stages  of  this  [iroces.**  in 
n'^rpon»licuIar  meridian  section  through  the  ell  p.soid  eij^g  of 
a  iWnh,  Pcnciut.)  The  parent-c»?ll.  or  eytula  (l*late  111. 
Fig.  2't),  first  parts  into  two  similar  cells;  lioni  tlirNi?,  by 
rcpcat'cd  simultaneous  division,  artso  first  \  (Fiji;  2(ij.  Uien 
S,  then  IG  (Fig.  27),  64,  12S,  and  so  nn.  Finally,  the  whole 
Hiimative  yelk  parts  into  numerou.s.  small,  himilar  cells, 
which  lie  side  by  side  in  a  single  layer  over  the  wlicile 
surface   of  the  egg,  forming  a  su|)orficial  genu  iiienibrana 
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^Blastoderma,  Fig.  28,  6).  This  germ-meml^rane  is  a  simplei 
completely  closed  vesicle,  the  space  within  being  wholly 
filled  with  nutritive  yelk.  The  chemical  quality  of  the 
contents  of  this  true  germ-vesicle,  or  Blastula  (Fig.  28) 
alone  distinguishes  it  from  the  Blastula  of  the  primordial 
cleavage-process  (Plate  II.  Fig.  4).  The  latter  contains 
water,  or  jelly  as  transparent  as  water;  the  former  con- 
tains a  dense  mixture  of  albuminous  and  fatty  substances, 
in  which  there  is  much  nutritive  matter.  As  this  extensive 
nutritive  yelk  occupies  the  centre  of  the  egg  from  the  very 
beginning  of  the  cleavage,  there  is  naturally  no  difference  in 
this  case  between  the  mulberry-germ  and  the  vesicular 
germ. 

When  the  germ-vesicle  (Fig.  28)  is  quite  complete,  the 
important  process  of  inversion  {invaginatio\  which  produces 
the  Gastrula,  follows  (Fig.  29).  A  circular,  groove-like 
deepening  first  arises  at  a  point  on  the  surface,  and  this 
enlarges  into  a  cavity,  the  primitive  intestinal  cavity  of 
the  Gastrula  (Fig.  29,  d);  the  point  at  which  the  inversion 
takes  place  forming  the  primitive  mouth  of  this  cavity  (o). 
The  inverted  portion  of  the  germ-membrane,  the  cells  of 
^^hich  enlarge  and  assume  a  slender  cylindrical  form,  consti- 
tutes the  intestinal  layer  and  surrounds  the  cavity  of  the 
primitive  intestine.  The  superficial,  iminvertcd  portion  of 
the  germ-membrane  forms  the  skin-layer;  the  cells  of  this, 
owing  to  continual  self-division,  become  smaller  and  more 
flattened.  The  space  between  the  skin-layer  and  the  intes- 
tinal layer  (the  remnant  of  the  cleavage-cavity)  continues 
full  of  nutritive  yelk,  which  is  now  gradually  consumed. 
This  is  the  only  essential  point  in  which  the  Bladder- 
gastrula  {Perl-yastritla,   Fig.    2\))  differs  from  the  orii^nnal 
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form,  that  of  the  Ball-gastrula  {Archi-gastrula,  Fig.  6).  It 
Ls  evident  tliat  the  former  has  gradually  originated  from  the 
latter,  in  the  coui*se  of  a  long  period  of  time,  by  the  accii- 
ir.ulsLtion  of  nutritive-yelk  in  the  centre  of  the  egg.'* 

The  fact  that  we  have  been  thus  enabled  to  retrace  all 
the  numerous  and  multiform  phenomena  in  the  germination 
of  different  animals  to  these  four  type-forms  of  egg-cleavago 
and  gastrulation,  may  be  regarded  as  an  advance  of  the 
widest  significanca  Of  these  four  type-forms  we  have  been 
able  to  declare  that  one  is  the  original,  palingenetic  form, 
and  that  the  other  three  are  kenogenetic  forms  descended 
from  the  first.  The  unecjual,  discoidal,  and  the  superficial 
forms  of  cleavage  have  evidently  all  originated,  in  conse- 
quence of  secondary  adaptation,  from  the  primary,  original 
cleavage  ;  and  we  must  consider  that  the  most  important 
cause  of  their  origin  was  the  gradual  fonnation  of  a  nutri- 
tive-yelk, and  the  distinction,  which  is  always  appearing  in 
on  earlier  stage,  between  the  animal  and  the  vegetative 
parts  of  the  egg,  between  the  skin-layer  and  the  intestinal 
layer.  The  inter-relation  of  the  four  cleavage-forms,  with 
regard  to  the  ordinary  distinction  between  total  and  partial 
eirir-cleava;re  is  as  follows : — 


cleavuf^e. 
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Tlic  lowest  known  intestinal  animals  {Mituzoa\  that  la  ic 


232  •      THE  EVOLUTION  OF  MAN. 

say,  the  low  Plant-animals  (Sponges,  simplest  Polyps,  etc.); 
remain  throughout  their  life  stationar}'  in  a  structural  stage 
which  differs  very  little  from  the  Gastrula;  their  whole  body 
being  composed  of  only  two  cell-strata  or  layers.  This  fact  is 
of  the  very  greatest  significance.  For  we  see  that  Man,  and 
indeed  all  Vertebrates,  pass  quickly  through  a  transitoiy 
two-layered  structural  stage,  which  is  persistently  retained 
tliroughout  life  by  these  lowest  Plant-animals.  By  now 
again  applying  our  first  principle  of  Biogeny,  we  im- 
mediately obtain  the  following  very  important  conclusion : 
Man  and  all  those  other  animals,  whicJc  in  the  first  stages  of 
their  individual  evolution  pa^  through  a  two-layered  struc- 
tural stage  or  a  Oastrula-form,  must  have  descended  from  a 
piirnxjeval,  simple  parent-form,  the  whole  body  of  which 
consisted  throughout  life,  as  now  in  the  case  of  the  lowest 
Plant-animals,  only  of  two  different  cell-strata  or  germ- 
layers.  To  this  most  important  primaeval  parent-form,  to 
which  we  shall  presently  refer  in  detail,  we  will  now  pro- 
visionally give  the  name  of  the  Gastraea  {i,e.  primitive  intes- 
tinal animal).^ 

According  to  the  GastraDa  theory,  there  is  in  all  animals 
one  organ  which  is  originally  of  the  same  morphological 
and  physiological  significance;  this  is  the  primitive  intes- 
tine ;  the  two  primary  germ-layers,  which  form  the  wall  of 
tiiis  intestine,  must  therefore  in  all  cases  be  regarded  as  also 
of  the  same  significance,  or  as  "  homologous."  This  import- 
ant "  homology  of  the  two  primary  germ-layers  "  is,  on  tlio 
one  hand,  demonstrated  by  the  fact  that  the  Gastrula  in  all 
eases  originates  in  one  way,  that  is,  by  the  inversion  (in- 
vagination) of  the  Blastula ;  and,  on  the  other  hand,  by  the 
fact  that  in  all  cases  the  same  fundamental  organs  arise 
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from  the  two  germ-layere.  The  outer  or  animal  germ-layer, 
the  skin-layer,  or  exoderm,  always  forms  the  outer  body- 
<vall  with  the  most  important  organs  of  animal  life ;  the 
skin -covering,  nerve-system,  organs  of  the  senses,  etc.  On 
the  other  hand,  tlie  inner  or  vegetative  germ-layer,  the  in- 
testinal layer,  or  entoderm,  gives  rise  to  the  inner  intestinal 
wall  with  the  most  important  organs  of  vegetative  life ;  the 
organs  of  nutrition,  of  digestion,  those  which  form  the  blood, 
etc. 

In  these  low  Plant-animals,  especially  in  Spongett, 
the  whole  body  of  which  remains  permanently  stationary 
in  the  same  structural  stage,  these  two  functional  groups 
(the  animal  and  the  vegetative  acts)  also  continue  strictly 
distributed  between  the  two  simple,  primary  germ-layers. 
Throughout  life  the  outer  or  animal  germ-layer  retains  the 
simple  significance  of  a  covering  (an  outer  skin),  and,  at 
the  same  time,  accomplishes  the  movements  and  sensations 
of  the  body.  On  the  other  hand,  the  inner  cell-stratum, 
or  the  vegetative  germ-layer,  always  retains  the  simple 
significance  of  an  intestinal  epithelium,  a  nutritive  in- 
testinal cell-stratum,  and  in  addition  to  this  appears  only 
to  produce  the  reproductive  cells.** 

In  all  other  animals,  and  especially  in  all  VertcbratcH, 
the  Gastrula  appears  only  as  a  very  transitory  germ-stage. 
The  two-layered  stage  of  their  germ-rudiment  clianges 
r|uickly,  first  into  a  three-layered,  and  then  into  a  four- 
layered  stage.  On  the  completion  of  the  gcnn-layers,  which 
lie  one  over  the  other,  we  have  again  provisionally  attained 
a  fixed  and  definite  point  of  view ;  and  one  from  which  we 
may  trace  and  explain  the  incidents  in  the  construction, 
which  are  much  more  obscure  and  intiicate.    Trust  worthy 
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researches  by  many  observers,  embracing  the  Ontogeny 
of  the  most  diverse  higher  animals,  have  now  established 
the  important  fact  that  the  germ  in  a  certain  stage  is 
composed  of  four  secondary  genii-laycrs.  It  is  most  im- 
portant to  notice  that  this  is  quite  as  true  of  Man  as  of 
other  Mammals. 

In  many  cases  there  is  a  three-layered  stage  interme- 
diate between  the  two  and  the  four-layered  condition.^® 
But  in  proportion  to  the  certainty  of  this  conclusion, 
that  there  are  at  first  two,  and  aflerwai-ds  four  layers,  it  is 
difficult  to  understand  the  way '  in  which  these  four 
secondary  layers  arose  from  the  two  primary  layers.  In 
this  respect  the  opinions  of  the  many  observers  who  have 
studied  the  question  are  so  contradictory  that  comparison 
of  them  fails  to  enable  us  to  reach  the  truth.  There  is, 
however,  no  doubt  of  the  one  fact,  that  these  four  layers 
result  solely  from  the  two  original  germ-layers,  and  that 
they  are  not  partly  independent  of  the  latter,  as  Reichert, 
His,  and  other  confused  observers  have  asserted.''^  But  the 
question  yet  remains  undecided  whether  the  two  middle 
layers  both  originate  from  one  of  the  two  primary  la3'ei*s 
(from  the  outer  or  the  inner),  or  whether  one  of  the  two 
middle  layers  must  be  referred  to  the  upi)er,  the  other  to 
the  lower  of  the  primary  germ-layera. 

In  order  to  show  the  importance  of  this  question  to 
the  whole  history  of  evolution,  I  will  now  briefly  in<li- 
cate  the  significance  of  the  two  middle  layers.  Wc  must 
call  these  two  middle  layer's  tlic  second  and  tlie  third, 
numbering  the  four  secondary  germ-layers  in  onlur  from 
the  outer  tc  tlie  inner.  The  outer  skin,  the  muscular  mass 
or  flesh  of  tlie  ti*unk,  the  muscles,  which  move  the  body 
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and  limbs,  as  well  as  the  inner  skeleton,  or  bony  frame- 
work of  tlie  body,  arise  from  the  second  gonn -layer,  or  the 
outer  middle  layer,  which  is  called  the  skin-muscular 
layer,  or  the  skin-fibrous  layer.  The  muscles  and  vascular 
membranes,  which  first  surround  the  inner  cellular  canal 
of  the  intestine  audits  glands,  and  which  accomplish  the 
digestive  movements  of  the  throat  (pharynx),  oesophagua, 
the  stomach,  and  the  various  other  parts  of  the  intestinal 
canal,  are  all  produced  from  the  third  gei*m-layer,  the 
inner  middle  layer,  which  is  called  the  intestinal-muscular 
layer,  or  the  intestinal-fibrous  layer;  the  heart  and  the 
roost  important  blood-vessels  also  originate  in  this.  The 
two  middle  layers,  therefore,  especially  provide  those  cell- 
strata  which  are  employed  in  the  formation  of  the  fibrous 
coverings,  and  of  the  flesh  or  muscles.  The  cells  of  the 
second  layer  change  into  the  flesh  and  the  bony  framework 
of  the  trunk ;  the  cells  of  the  third  layer  change  into  the 
muscles  and  tlie  fibrous  coverings  of  the  intestinal  canaL 
Both  middle  or  fibrous  layers  are  therefore  called  muscular, 
or  flesh-layers ;  the  outer  is  called  the  skin-muscular  layer, 
because  it  lies  on  the  first  secondary  layer,  the  skin-sensory 
layer ;  the  inner  is  called  the  intestinal-muscular  layer,  as 
it  lies  next  to  the  fourth  secondary  layer,  the  intestinal- 
glandular  layer  (Fig.  50). 

Bacr  was  the  first  naturalist  who  recognized  and  clearly 
distinguished  the  four  secondary  germ-layers  of  the  higher 
animals.  He  did  not,  however,  fully  understand  their 
origin  and  their  wider  significance,  nor  waa  he  quite 
right  in  his  explanation  of  the  details  of  their  respective 
puqxxses.  But  in  the  main,  their  significance  did  not 
escape  him,  and  be  even  expressed  that  view  of  the  origio 

18 
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of  the  two  middle  layers,  which  I,  in  opposition  to  most 
other  authors,  still  hold  to  be  correct.  That  b  to  say,  he 
derived  each  middle  layer  separately  from  a  primary  germ- 
layer  (by  fission),  and  said,  that  the  outer  or  animal  germ- 


PiG.  so.— Transversa  eeot ion  throngh  the  embryo  of  an  Earth-worm  r  /w, 
ikin-senRor;  laj'er  ;  hm.  skin-fibrous  lajcr  ;  li/,  inteetinal-liUiuua  layer  ;  iM, 
intestinal-glandulnr  layer;  a,  iiiUiatiiutl  cavity ;  c,  body-cBTity,  or  Cffilonia,- 
n,  nerTo-contres  ;  n,  primitive  kidneys. 

Fio.  51. ^Corresponding  section  of  tho  luva  of  Amphioias  (after 
Eowalevsky).    The  letters  indicate  tho  same  parts  as  in  Fig.  50. 

layer  separates  into  two  strata,  a  skin-stratum  and  a  flc.sh- 
fitratum ;  similarly  the  inner  or  vegetative  germ-layer 
separates  into  two  strata;  the  va-scular  .stratum  and  the 
nincons  .stratrim.  In  the  following  table  thi.s  view  of  Eaer, 
which  I  believe  to  be  right  in  regard  to  the  phylogcnctic 
origin  of  the  middle  layere.  is  comiiaved  with  the  newer 
nomenclature,  which  is  now  in  vogue : — 

A.    The  tico  primorji  gftm-la\ievs.  II  The  four  teeimdanj  germ.Unjers. 

I.  Tto  ouler  or  imo..!  |,cra.  |    j    s|,i,.„  ,         (.],,„.„„,„„,  b„,). 

;S'„'5'       °     '    ■      I    '■  ai.-»b™..V.,  (il..l,..l„U.,;  l„,.r)'. 

II.  Tho  inner  or   »egetntive  (   ^-  Intostinal.fibroDa    Uyof  (vaacuW    Btm 

gorni.la}-cr  <tho  ioteati.  t    .    ,  .    "?■   ,    ^''  .  ,      , 
mllojor.opontolorn,).       *'  I"l«»'""l.gl>n'l"l«  l«;or  (»«<»«.  Um- 
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Much  recent  research  by  Kowalevsky,  Ray-Lankesier, 
Van  Beneden,  and  others  has  justified  this  "  Four-layer 
Theory "  of  Baer.  For  instance,  it  can  be  plainly  shown 
that  in  the  Earth-worm  (Fig.  50),  in  the  Amphioxus  (Fig. 
51),  and  in  some  other  animals  each  of  the  two  primary 
germ-layers  parts  into  two  secondary  germ-layers;  the 
skin,  or  outer-layer  parts  into  the  skin-sensory  layer  (hs), 
and  the  skin-fibrous  layer  (km) :  similarly  the  inteslinal 
or  inner  layer  separates  into  the  intestinal-fibrous  layer 
(df),  and  the  intestinal-glandular  layer  (dd).  The  body- 
cavity,  or  cosloma  (c),  forms  between  the  two  fibrous  layers. 

Contrary  to  this  view,  most  recent  observers  assume 
that  the  two  middle  layers  proceed  from  plane-division  of 
a  single,  middle  germ-layer  (mesoderma).  According  to 
this,  a  third  originates  between  the  two  primary  layers, 
and  by  a  secondary  process  of  fission  splits  into  two  layers 
along  the  plane  of  its  surface.  Some  observers,  however, 
as  certainly  derive  this  third  layer  from  the  lower  primary 
layer,  as  do  the  others  from  the  upper  primary  layer.  It 
is  exactly  this  suspicious  circumstance,  together  with  many 
other  grounds  (based  especially  on  Comparative  Anatomy) 
that  lead  us  to  the  conjecture,  which  I  believe  to  be  correct, 
that  neither  party  is  right,  but  that  the  outer  middle 
layer  rather  proceeds  from  the  animal,  the  inner  middle 
layer  from  the  vegetative  germ-layer.  It  is  true,  as  we 
shall  presently  find,  that  only  a  single  middle  layer 
(Remaks  " motor-germinative  germ-layer")  usually  arises 
between  the  two  primary  germ-layers  of  mammals,  and 
that  by  the  fission  of  this,  the  two  different  middle  layers, 
the  skin-fibrous  layer  and  the  intestinal-fibrous  layer, 
originate   only  secondarily.      There  are,  however,  stix>n2 
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grounds  for  tlie  assumption  that  this  process  is  the  effect 
of  vitiated  Heredity.  The  simple  middle  germ-layer  of 
Vei'tebrates  has  most  probably  originated  only  secondarily 
by  the  coalescence  of  two  distinct  primary  middle  layers, 
and,  therefore,  the  fission  of  the  former  into  the  two  latter 
must  bo  regarded  as  a  tertiary  process. 

However  this  may  be,  we  have  now  reached  the  im- 
portant, definite  point  in  the  History  of   Evolution,  in 
which  the  whole  Vertebrate  body,  in  common  with  that 
of  most  higher  animals,  forms  a  tube,  the  wall  of  which  is 
composed  of  four  layers,  lying  one  over  the  other.    This 
is   not  a  figurative  comparison;    these  constituent   parts 
of  the  tube-wall  are  actually  layers,  or  thin  plates,  which 
lie  fixed  one  over  the  other.  They  can  even  be  mechanically 
parted  or  split  off  from  each  other.     This  separability  is 
connected  with  the  fact  that  the  cells  in  each  one  of  the 
four  layers  are  alike,  while  those  of  each  are  already  in 
some  degree   distinct  or  differentiated  from  those   of  the 
other  three  layers.     The  first,  the  skin-sensory  layer,  con- 
sists of  cells  differing  from  those  of  the  second,  or  skin- 
fibrous  layer;  the  cells  of  the  latter  are  again  different  from 
those  of  the  third,  the  intestinal-fibrous  layer ;  and  these 
latter  are  of  a  somewhat  different  nature  from  the  cells  of 
the  fourth,  the   intestinal-glandular  layer.     We   find   the 
same  four  germ-layers  as  in  Man  and  other  Vertebrates 
(Fig.  51),  also  in  Sofb-bodied  Animals  (Molliisca),  Articulates 
{Arthropoda),  Star-animals   {Echinoderma),  and   again   in 
the   higher  Worms  (Fig.  50).     This   fact   in   Comparative 
Ontogeny  is  of  the  greatest  phylogenetic  significance.     In 
all    cases,  these   four  secondary  geim-layers  develop  from 
the  two  primary  germ-layers ;  it  is  only  in  the  lower  Plant- 
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animalB  {Zoophytes),  especially  in  Sponges,  that  the  latter 
it)tain  their  original  simplicity. 

Finally,  as  a  special  proof  of  the  prophetic  genius  of 
Caspar  Friedrich  Wolff,  due  emphasis  must  be  given  to  the 
remarkable  fact  that  that  naturalist  assumed  the  existence 
of  these  four  secondary  germ-layers  under  the  name  of 
"  four  systems  formed  on  one  type,"  the  proof  of  which 
was  not  furnished  till  half  a  century  later  by  Baer.^ 
(C£  p.  4C.) 


AtfrnaVs  thrM  germ-laymB. 

Outer,  or  r  L  Onter,  or  anper 
upper  J  grrra -layer  («eii- 
lajcr       I        lory  layer) 


Inner,  or 
nnder 
layer 


Th9  four  §0rxmdary        The  two  jfrimaty 
gtrm-layert,  germ-lBLyers. 

1.  Skin.aensorj 
layer 


II.  Middle  germ, 
layer  (motor-ger-  < 
mi  native  layer) 

III.  Inner,  or  nnder 
germ-layer  (tro- 
phic layer) 


2.  Skin-fibrooa  layer 

3.  Intestinal-fibroui  \ 
layer 


Animal  layer, 
Ezoderm,  or  slda' 
layer. 


Intestinal 
dular 


inal-glan-   | 
layer         j 


Vegetatire  layer, 
Entoderm,  or  intoii* 
tinal  layar. 


Modi  tied  ontogenetic  procetw. 


Original  phylogcnctic  proce«i. 
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EXPLANATION  OP  PLATES  IL  AND  IIL 

EOO-CLBAYAOB   AND   GaSTEULATION.^ 

lliese  two  plates  are  intended  to  illastrate,  bj  means  of  diagrammatio 
seotions,  the  most  important  differences  in  animal  egg.cleavage  and  gan- 
tmlation.  Plate  II.  represents  holoblastio  egg^  (with  total  cleavage)  ; 
Plate  IIL  meroblastio  eggs  (with  partial  clearage).  The  animal  halves  of 
the  eggs  (exoderm)  are  oolonred  graj ;  the  Tegetative  halves  (entoderm  with 
natritive  jelk)  red.  The  nutritive  yelk  is  perpendicularly  shaded.  All  the 
sections  are  perpendicular  meridian  seotions  through  the  axis  of  the  primi- 
tive  intestine.  In  all,  the  letters  indicate  the  same  parts :  e,  parent.oell 
(CyhUa)  ;  /,  cleavage-celU  (SegmenUlla) ;  fn,  mulberrj-germ  (Morula)  ;  h, 
germ-vesicle  {Blastula)  i  g,  onp.germ  (Onstrula) ;  8,  oleavage-cavity ;  d, 
primitive  intestinal  cavitj ;  o,  primitive  mouth ;  n,  nutritive  yelk ;  t,  intes- 
tinal layer  (Entoderm)  ;  e,  skin-layer  (Exodermy, 

Fio.  1-6. — Original  or  primordial  egg-cleavage  of  the  lowest  Vertebrate  * 
(Amphioxus).     B'ig.  1,  parent-cell   (Cytula) ;    Fig.  2,  cleavage-stage  with 
4  cleavage-cells ;    Fig.  8,  mulberry-germ  (MortUa)  ;   Fig.  4,  germ-vesicle 
(BlcLStula) ;  Fig.  5,  the  same,  in  process  of  inversion  (Invaginatio)  ;  Fig.  6, 
Bell-gastmla  (Archigcattrula), 

Fio.  7-11. — Unequal  egg-cleavage  of  an  amphibian  (Frog).  Fig.  7, 
parent-cell  (Cytula)  ;  Fig.  8,  cleavage- stage  with  4  cleavage-cells  ;  Fig.  9, 
mulberry-germ  {Morula)  ;  Fig.  lO^  germ-vesicle  (Blastula) ;  Fig.  11,  Hood- 
gastmla  (Amphigastrula). 

Fio.  12-17.— Unequal  egg^eavage  of  a  Mammal  (Man).  Fig.  12, 
parent-cell  (Cytula) ;  Fig.  13,  cleavage-stage  with  2  cleavage-cells  (e, 
mother-cell  of  the  exoderm;  i,  mother-cell  of  the  entoderm)  ;  Fig.  14, 
oleavage  stage  with  4  cleavage-cells ;  Fig.  15,  beginning  of  the  inver- 
sion of  the  germ-vesicle  ;  Fig.  16,  further  advanced  inversion ;  Fig.  17*  Hood- 
gastrula  (Amphigastrula). 

Fig.  18-24. — Discoidal  cgg-clcavage  of  an  Osseous  fish  (Motella?  Coitus  ?). 
The  greater  part  of  the  nutritive  yelk  (n)  is  omitted.  (Cf.  Fig.  42,  43,  pp. 
217,  219.)  Fig.  18,  parent-cell  {Cytula) ;  Fig.  19,  cleavage  stage  with 
2  cells ;  Fig.  20,  cleavage-stage  with  32  cells ;  Fig.  21,  mulberry-germ 
(Morula)  ;  Fig.  22,  germ-vesicle  (Blastula) ;  Fig.  23,  the  same,  in  process  of 
inversion  ;  Fig.  24,  Disc-gastrula  (Discogastrula) . 

Fio.  25-30. — Superficial  egg-cleavage  of  a  Crab  (Peneu^).  Fig.  25, 
parent-cell  (Cytula)  ;  Fig.  26,  cleavage-stage  with  4  cells  ;  Fig.  27,  cleavagc- 
stag^  with  32  cells ;  Fig.  28,  mulberry-germ  (Morula)^  and  at  the  same 
time  the  germ-vesicle  (Blastula) ;  Fig.  29,  Bladder-g^trula  (^Perigastrula) ; 
Fig.  30,  Nauplius-germ ;  the  pharynx-cavity  has  formed  in  front  of  the 
primitive  mouth  (d),  owing  to  an  inversion  from  without. 
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TABLE    III. 

'    Lilt  of  the  most  important  dilferonces  in  Animal  Egg-cloftrage  and 

Qaatmlation.'* 

The  letters  »-/ indicate  the  6  animal  tribes  (the  primitire  animals  being 
rxoiaded) :  a,  Plant^nimaU  i  h,  Worms  i  e,  Soft-bodied  animals  (MoUtutza)  ; 
d.  Star-animals  (Echinod^rma)  ;  s,  Artionlates  (Arthropoda)  ;  f,  Vertebrates. 


I. 

Total  ClaaTage. 


Oastrula  with- 
out 
nut*'lttve  yelk. 


I.  Original  Clears  ge. 

(5hy«ciilaCto  primtordkUU.) 
ArohibUiUc' 


BeU-gastrula. 

{ArtkiffatimXa.) 
(Plate  IL  rig.  1-4.) 


e.  Most   low  PUnt-anfoiAls  ftov 

SpuDfM.   llTdrapoljps,  M^ 

duMr.  Cbralt). 
h.  Umj    low    Wonu    (Sjffftta, 

Pboronla.     AtcMia,      auof 

NcnutodM,  etc.)- 
c  A  f«w  low  Sofl.bodkd  anlouto 

CMaUm»ea)-TenlfnUaU,  Afw 

ffiofie,  Pwdlooi. 
4.  M (M(    Sur  -  anlouto    (J 


€.  A  few  low  Artlcabt«t  (i 

Bnachiopoii,  Oopcfwds*  Tar- 
dicrAdni). 

/.  Tbo  SkuU-loM  VwtobnU  (Aai- 
phloxtts). 


n.  Unequal  Oleara'^e. 

(Sq^mailaiie  fofffMaiu.) 
AflM»hibUAic 


Hood-gastrula. 

{AwtfkiguMirula.) 
(PUIS  II.  Fif.  T-U.) 


a  Murornms  PUnt-«nlauU(auuij 
Smnsea.  Medals.  Gbrali^ 
SiplxiiKiphorw,  CMoopbors). 

».  Moat  Worm*. 

c  Hoat  Sofi-badM  Anfmals  (JM- 

4.  ladividnal  8ur-Anl«iult  (rivi. 
paroos  ■poiiaa    and   a   few 

a.  A  few  low  ArtlcalalM  (JrOiv- 
soda)  both  Croataceana  and 
Tracoratca. 

/.  Cydoatoma.  Oanoida.  AnphlbU. 
•   i^i). 


n. 

PaKIaI  Clearag^. 

I^gmtentmticpariimti$. 
M«ffvl>U*lic  rgVi. 


/  III.  Dlicoidal  Cleavage. 

(AyaMAlolfe  diaoaidolO.) 
DtooabUatlc 


Oaf  tnila  with 
RUtrltive  yelk. 


Disc-gaatnila. 

(  M«ea-p<u  (m/*. ) 
(PUla  III.  Fig.  lS-t4.) 


c  OotUe-IIA,  or  OrfkhalopodK. 

a.  SoOM  ArticQlatM  (ArtArtftM\ 
Mtlkpodea,    Scorptooa.    aaid 


/.  PrtsiKivo  n^hca  CStUtkiq, 
OMroua  Fliai«a.  ItMrttlcs. 
lUrda  (and  MoaoUtSMaT r). 


IV.  Superficial  Cleavage. 


e.  A  few  .SpoMfM  (fy. 
Alcjonittoi  (r). 

h.  ladlTldsal  Worwa  (?) 


Bladder-gastru  a. 

(/VfVulrals.) 
(PUla  UL  Mg  IS^M.) 


«.  Tho  gTMl  SMioHtj  or  AfUce. 
I  (>lr(Arofioda)— Cn»- 
»M»  M/nopoda,  Spidim, 


TABLE    IV. 

fljstematio  Snnrej  of  the  fire  earliest  germinal  stages  of  Anima!a  with 
reference  to  the  four  different  type-forms  of  Egg-oleavage. 


A.  Total  Cleavage. 

{Segmentatio  tokUii.) 


a.  Original  or  primor^ 
dUl  cleaTage. 


I.  a.  Archi- 

monerula. 

(Tig.  »ii.p.  m.) 

A  ^tod  in  wbiGh 
Um  K>rauUT«  and 
BtttrfUT«  yelk  ai«  bo4 


n.  «.  Archi- 

cytula. 
(Plate  II.  Fig.  1.) 

Parent-cell  which 
baa  arisen  oot  of  (be 
archl-mooerula  by  the 
formation  of  tbe  pa* 
rent^kemeL 

III.  a.  Archl- 

morula. 
(PUte  II.  Fig.  3.) 
A   nolid  (generally 

globaUr)      heap     oi 

•imilar  ceila. 


IV.  A.  Archi- 

blasiula. 
(PUte  )l.  Fig  4  ) 

A  holloiR  (usually 
globular)  Teslcle,  the 
wall  of  which  lonsista 
of  a  aiiigle  layer  of 
•imllor  cells. 

V.  a.  Archl- 
gastrula. 

Bell-giistrula. 

(Plate  II.  Fig.  ft.) 
Fig.  23-38.  p.  1»3. 

PrimitiTe  intestine 
empty,  without  nu- 
tritive yelk.  I'ri- 
mary  germ  -  layers 
MW-^jered. 


k.  Unequal  deaTsge. 


B.  Partial  CleaTage. 

iSeffwtentati»  pmrtialis.) 


!•  ^  Amphl- 
moneruia. 

A  cytod  wbfdi 
tnelndes  ixmatlTe 
yelk  at  the  animal 
pole,  nuiritlTe  yelk 
at  the  ▼cgetatlTe 
pole:  the  two  are 
Bo4  very  distinct. 

II.  6.  Arophi- 

cytula. 

(Hate  II.  Fig.  T.  13.) 

Parent-cell  which 
has  arisen  out  of  the 
aniphi-monerula  by 
the  formation  of  the 
parent-kernel. 

lU.  b.  Amphi- 

morula. 
(Plate  II.  Fig.  ».) 

A  roundish  heap 
formed  of  two  kinds 
of  oella,  the  animal 
cells  at  one,  the  Tcgtv 
Utive  cells  at  the 
other  pole. 

IV.  6.  Amphl- 
blastula. 

(Plate  II.  Fig.  10.) 

A  roundi.sli  vesicle, 
the  wall  of  which  at 
the  animal  pole  con- 
si.- ts  of  smaller  cclLs 
at  the  vegetative 
pole  of  larger  cells. 

V.  6.  Amphi- 
gas'rula. 

Ilood-g&strula. 

(Plate  II.  Fig.  11.17.) 

Fig.  33-35,  p.  2ft«, 

Fig.  41. 

Primitive  intestine 
partly  filled  with 
segmented  nutritive 
yelk.  Gemi-liyers 
alien  many-layered. 


e.  DIsooldal  cleaTage. 


I.  «.  Disco- 
monerula. 
A  ^tod  which 
Inclodea  fbmatlve 
yelk  at  the  anim.nl 
pole,  notritlve  yelk 
at  the  xegetativt* 
pole:  the  two  are 
quite  dtstinct. 

II.  c.  Dieoo- 

cytula. 
(Plate  111.  Fig.  18.) 

Parent-cell  which 
has  arisen  out  of  the 
disco-monerula  by 
the  formation  of  the 
parent-keroeL 

III.  e.  Disoo* 
morula. 

(Plate  III.  Fig.  21.) 

A  flat  rtisG,  com- 
posed of  similar  cells 
on  the  animal  pole 
of  nutritire  yelk. 


IV.  c.  DIsco- 
blastula. 

(Plate  111.  Fig.  33.) 

A  roundish  vehicle, 
the  small  hemi.«phere 
of  which  consists  of 
cleavage  -  cells,  the 
larger  of  nutritive 
yelk.. 

V.  «.  Dlsco- 
gastrula. 

Disc-gas  trula. 

(Plate  III.  Fig.  34.) 
Fig.  43,  p.  21», 
Fig.  4».  p.  238. 

Primitive  intestine 
filled  with  unseg- 
mented  nutritive 
yelk.  Flatgerm-disc. 


d.  Svperfidal  claavacs. 


I.  d.  Peri- 
monerula. 
A  cytod  which  In- 
cludes formative  yelk 
in  the  Oilier  wall, 
nutritiva  yelk  la  the 
centra. 


11.  d.  Peri- 

cytulH. 

(Plate  III.  Fig.  25.) 

Parent-cell  which 
has  arisen  out  of  the 
pcri-monerula  by  the 
formation  of  tbe  pa- 
rent-kernel. 

HI.  d.  Peri- 

morula. 

(Plate  111.  Fig.  27.) 

A  cloeed  vesicle:  a 
cellular  stratum  sur- 
rounds the  whole  cen- 
tral nutritive  yelk. 


IV.  d.  Peri- 
blastula. 

(Plate  III.  Fig.  28.) 

A  clo«k'd  ve^icle  :  a 
cell  layer  surrountls 
the  whole  iiutri>ive 
yelk  (=  Peri-morulu). 


V.  d.  Peri- 
gastruia 

Bladdcr-gastrula. 
(Pbte  III.  Fig.  2f>.) 

Clr'avage-CAvity  hU« 
ed  with  unsegmeiitcd 
nutritive  yelk.  Pri* 
miiive  inteatiM  Cif 
fereut. 


TABLE  V. 

Systamaiio  Sorrej  of  some  of  the  most  important  rhjthmioal  TMriaiioiii  in 

Egfg-clenTage.** 

Only  the  first  colamn  (Amphioxas)  presents  the  original,  polingenetia 
oloarage-  hythm,  in  regular  geometrical  progression.  All  the  other  oolniuBa 
show  the  descended  kenogenetio  modifications. 

c  =  parent-cells.  s  =  clcATage-cclts.  •  =  axoderm-oalla. 
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CHAPTER  IX. 

THE  VERTEBRATE  NATURE  OF  MAN. 

Relation  of  Oomparatire  Anatomy  to  Classification. — The  Family -relation* 
ship  of  the  Types  of  the  Animal  Kingdom. — Different  Significance 
and  Unequal  Valae  of  the  Seven  Animal  Types. — The  OastroBa  Theory, 
and  the  Phylogenetto  Classification  of  the  Animal  Kingdom. — Do- 
scent  of  the  Gastriea  from  the  Protozoa. — Descent  of  Plant-animals 
and  Worms  from  the  Gastra>a. — Descent  of  the  Four  Higher  Classes  of 
Animals  from  Worms. — The  Vertebrate  Nature  of  Man. — Essential  and 
Unessential  Parts  of  the  Vertebral  Organism. — The  Amphioxns,  or 
Lancelot,  and  the  Ideal  Primitive  Vertebrate  in  Longitudinal  and 
Transverse  Sections. — The  Notochord. — The  Dorsal  Half  and  the  Ven- 
tral  Half.— The  Spinal  Canal.— The  Fleshy  Covering  of  the  Body.— 
The  Leather-skin  (eorium). — The  Oater-skin  (^epidermis).—  Body- 
cavity  (coBloma), — The  Intestinal  Tube. — The  Gill. openings.  —  The 
Lymph-vossels.  —  The  Blood-vessels.  —  The  Pnmitive  Kidneys  and 
Organs  of  Reproduction. — The  Products  of  the  Four  Secondary  Germ, 
layers. 

"  Know  thyself  !  This  is  the  source  of  all  wisdom,  said  the  great  thinkers 
of  the  past,  and  the  sentence  was  written  in  golden  letters  on  the  tcmpio  of 
the  gods.  To  know  himself,  Liunseus  declared  to  bo  the  essential  indis- 
putable distinction  of  man  above  all  otlier  crcatnrcs.  I  know,  indeed,  in 
study  nothing  more  worthy  of  free  and  thonghtfiil  man  than  the  stndv  of 
himself.  For  if  we  look  for  the  purpose  of  our  existence,  wo  cannot  possibl}' 
find  it  outside  ourselves.  We  are  here  for  our  own  sake." — Kabl  Kunsi 
Baxr  (1824). 

A.  DIFFICULT  task  now  lies  immediately  before  us  in  this 
history  of  our  individual  development ;  we  must  trace  the 
complex  human  body  with  all   its  various  parts,—- organs, 
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limbs,  etc  from  the  simple  Qastrula.  The  two  primary 
germ-layers  which  form  the  entire  body  of  the  Qastrula  fall 
by  fission  into  the  four  secondary  germ-layers,  which  have 
already  been  named ;  and  of  these  four  the  whole  complex 
form  of  the  perfected  human  and  animal  body  constructs 
itseUl  It  is  so  difficult  to  understand  this  process  of  con- 
struction, that  we  will  first  look  around  us  for  an  ally 
capable  of  helping  us  over  many  obstacles. 

This  powerful  ally  is  the  science  of  Comparative 
Anatomy.  Its  object  is,  by  comparison  of  the  perfected 
bodily  forms  of  the  various  groups  of  animals,  to  discover 
the  universal  structural  laws,  in  accordance  with  which  the 
animal  body  develops ;  and  at  the  same  time,  by  critically 
determining  the  degrees  of  difference  between  the  various 
classes,  and  the  larger  groups  of  animals,  to  establish  their 
relations  to  each  other  and  to  the  whole  system.  There  was 
a  time  when  this  task  was  attempted  from  a  teleological 
point  of  view,  and  in  the  actually  existing  apt  organization 
of  animals  proof  was  sought  of  a  pre-arranged  "plan  of  con-* 
struction  "  by  the  Creator ;  but,  recently,  the  establishment 
of  the  Theory  of  Descent  has  enabled  Comparative 
Anatomy  to  go  deeper,  and  its  philosophical  task  has  de- 
veloped into  the  explanation  of  the  variety  of  organic  forms 
by  Adaptation,  and  their  similarity  by  Heredity;  it  has 
also  to  seek  to  discover  the  various  degrees  of  blood- 
relationship  in  the  graduated  and  various  form-relationships, 
and  to  prove  as  nearly  as  possible  the  genealogy  of  the 
animal  kingdom.  In  Uiis  way  Comparative  Anatomy  is 
most  closely  allied  to  the  classification  of  organic  bodies, 
which,  starting  from  the  opposite  direction,  aims  at  thu 
same  result 
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In  a43king  ourselves  what  place  the  mast  recent  dis- 
covcries  of  Comparative  Anatomy  and  the  Science  of  Classi- 
fication, among  other  organisms,  assign  to  Man,  what  light 
is  thrown  by  a  comparison  of  developed  bodily  forms  on  the 
position  of  Man  in  the  whole  animal  system,  we  receive 
a  very  simple  and  significant  answer;  and  this  answer 
affords  conclusions  of  extreme  importance  in  explanation  of 
the  evolution  of  the  embryo,  and  as  to  the  phylogenetic 
interpretation  of  this  evolution. 

Since  the  time  of  Cuvier  and  Baer,  since  the  great 
progress  originated  by  these  two  great  zoologists  in  the  first 
decades  of  this  century,  the  whole  animal  kingdom  has 
been  universally  held  to  be  divisible  into  a  small  number  of 
main  divisions,  or  Types.  They  are  called  types,  because 
a  certain  typical  or  characteristic  structure  of  body  is 
invariably  maintained  within  each  one  of  these  main 
divisions.®^  Of  late,  since  the  Development  Theory  has  been 
applied  to  this  celebrated  Doctrine  of  Types,  it  has  been 
discovered  that  all  animals  of  the  same  type  stand  in  direct 
blood-relationship  to  each  other,  and  can  be  traced  from 
a  common  parent-form.  Cuvier  and  Baer  assumed  four 
of  these  types ;  more  recent  research  has  raised  the  number 
to  seven.  These  seven  types,  or  tribes  {Phyla)^  of  the 
animal  kingdom,  are:  (1)  the  Protozoa;  (2)  the  Plant-animals 
( Zoophytes) ;  (3)  the  Worms  {Venries) ;  (4)  the  Soft-bodied 
animals  (Mollttsca) ;  (5)  the  Star-animals  (Ecliinoderma) ; 
(C)  the  Articulated-animals  (Arthropoda);  (7)  the  Vertebrata, 

I  may  at  once  introduce  the  reader  to  the  genealogi- 
cal inter-relations  of  these  seven  tjrpes  as  I  am  fully  con^ 
vinced  they  are  phylogenetically  constituted.  For  this 
purpose  I  will  give  as  briefly  as  possible  the  outlines  of 
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my  Gastrsea  Theory ^^^  on  which  I  b&se  the  monojihyletic 
genealogy  of  the  animal  kingdom,  and  which  I  am  con- 
vinced must  supersede  the  Theory  of  Types  which  now 
prevails.  According  to  this  Gastrsea  Theory,  which  I 
enunciated  in  the  "  Monograph  on  the  Chalk  Sponges  *" 
(voL  ii.  pp.  465-4G7),  the  seven  types  or  tribes  of  the  animal 
kingdom  possess  an  entirely  different  significance  and  an 
entirely  unequal  value.  Only  the  four  higher  tribes 
— Vertebrates,  Arthropods,  Molluscs,  and  Echinoderms — 
are  types  in  the  sense  of  Cuvier  and  Baer,  and  even  these 
only  in  a  limited  sense,  not  as  originally  meant  by  the 
authors  of  the  theory.  On  the  other  hand,  the  lowest 
type,  that  of  the  Primitive-animals,  is  not  really  a  "  type," 
but  the  sum  of  all  the  lowest  animals ;  it  was  from  a 
branch  of  the  Primitive-animals  that  the  Gastnea  developed* 
The  two  remaining  types,  the  Plant-animals  and  the  Worms, 
stand  between  the  Primitive-animals  and  the  four  higher 
lypea  They  are  more  specialized  and  typical  than  the 
Primitive-animals,  and  less  typically  organized  and  charac- 
terized than  the  four  higher  tribes. 

The  Gastrsea  Theory  b  founded  on  the  fact  that  we 
have  proved  the  two  primary  germ-layers  to  be  the  rudi- 
mentary bodily-structure  common  to  the  six  higher  grou()s 
of  animala  But  it  is  also  proved  that  a  single  original 
organ  is  of  the  same  use,  or  homologous,  in  all  Uio«e 
animals;  this  is  the  intestine  (pro/oga^/er),  the  primitive 
intestinal  or  stomach  cavity,  in  its  most  simple  form.  In 
the  Gastnea  itself,  and  in  the  extant  Gastrcads  (Ilaliphi/- 
8cma,  Gastrophysema),  the  entire,  simple,  spherical  or  oval 
bod)'  consists  only  of  this  simple  primitive  cavity,  open  at 
one  polo  of  the  axis  (the  primitive  intestine  and  priuiiliva 
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mouth),  and  of  the  two  primary  germ-layers  which  8ur» 
round  it  in  their  simplest  original  form  (Entoderm  and 
Exoderm).  But  in  none  of  the  Protozoa  are  there  germ- 
layers,  and  therefore  no  primitive  intestine.  The  entire 
protozoan  body  is  formed  either  of  a  very  simple  cytod,  a 
little  shapeless  mass  of  protoplasm,  as  in  the  Monera,  or  a 
very  simple  cell,  as  in  Amcebsd  and  Gregarinse,  or  a  colony 
of  simple  cytods  or  cells  (as  in  most  Protozoa).  But  in  the 
last  case  the  cells  of  this  cell-community  are  either  entirely 
homogeneous,  or  but  slightly  differentiated,  and  never 
separated  into  true  germ-layers.  A  real  intestine  never 
appears  in  the  Protozoa.  The  Infusoria,  which  reach  the 
highest  degree  of  physiological  perfection  among  Protozoa, 
do  indeed  appear  to  have  an  intestine  with  a  mouth  and 
vent.  But  as  the  entire  body,  notwithstanding  the  con- 
siderable differentiation  of  its  individual  parts,  retains  only 
the  form-value  of  a  simple  cell,  we  cannot  compare  this 
physiological  food-canal  with  its  openings,  with  the  true 
many-celled  intestine,  which  in  other  animals  are  morpho- 
logically characterized  by  their  covering  of  germ-layers.*® 

We  must  therefore  primarily  divide  the  whole  animal 
kingdom  into  two  main  divisions;  on  the  one  side  the 
Protozoa,  without  a  primitive  intestine  or  germ-layers, 
without  yelk-cleavage  or  differentiated  many-celled  tissues; 
on  the  other  side,  the  Intestinal  animals  {Metazoa)  with 
intestines,  with  two  primary  germ-layers,  with  yelk-cleav- 
age, with  differentiated  many-celled  tissues.  The  Intestinal 
animals,  or  Metazoa,  in  which  we  include  the  six  higher 
groups  of  animals,  have  all  descended  from  the  Gastrsea, 
the  previous  existence  of  which  may  be,  even  at  this  day, 
proved  with  certainty  by  means  of  the  Gasti'ula.      This 
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Gastrula,  or  intestinal  larva,  which  recurs  in  a  remarkably 
Bimilar  form  in  the  history  of  the  individual  development 
of  the  several  groups  of  animals,  is  of  the  greatest 
significance.  From  this  Qastrula  the  lowest  Vertebrate 
develoi)s,  just  as  the  lower  forms  of  Worms,  Soft-bodied 
Animals,  Star-animals,  Plant-animals,  etc.  (Cf  Plates  II., 
III.,  and  Fig.  22-28,  pp.  191,  193.)  The  Gastrula  at  the 
present  day  presents  a  correct  picture  of  the  primitive 
Gastrsea,  which  must  have  developed  from  the  Protozoa  in 
the  Laurentian  period. 

Comparative  Anatomy  and  Ontogeny  teach  us,  further, 
that  from  this  Gastrsea  the  animal  kingdom  at  first  de- 
veloped in  two  diverging  directions  or  linca  In  the  one 
direction  proceeded  the  low  group  of  the  Plant-animals 
{Zoophytes)^  to  which  the  Sponges,  Polyps,  Corals,  Medusse, 
and  many  other  marine  animals  belong ;  and  among  fresh- 
water animals  the  well-known  Hydra,  or  fresh-water  Polyp, 
and  the  Spongilla,  or  fresh- water  Sponge.  In  the  other 
direction,  the  very  important  group  of  the  Worms,  in  the 
narrower  sense  in  which  the  present  zoological  classification 
limits  this  group,  developed  from  the  Gastra3a.  In  the 
Linmuan  system,  and  generally  in  earlier  times,  all  the 
lower  animals,  Infusoria,  Worms,  Sofl-bodied  Animals, 
Plant-animals,  Star-animals,  etc.,  were  included  under  the 
name  of  Worms ;  the  name  is  now,  however,  much  more 
niiTowly  restricted  to  the  true  Worms.  Under  it  are  in- 
c  udcd  Earth-worms,  Leeches,  Ascidinns,  and  al«o  the 
various  parasitic  Worms,  Tn]>e-worm.s,  Round-wonns, 
Tiichinoc,  etc.  Different  as  all  these  worms  appear,  in  their 
perfect  state,  they  can  all  be  tracc<i  back  to  the  Oantnwi. 
(Cf.  Table  XVIII.  in  Chap.  XVlI.j 
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We  must  look  for  the  original  parent-form  of  the  foui 
hiorher  tribes  of  animals  amonff  tlie  numerous  branch-forms 
of  the  Worm  Tribe.  The  comparative  Anatomy  and 
Ontogeny  of  these  four  tribes  certainly  teach  that  all  origi- 
nated from  four  different  branches  of  Worms.  This  tribe  is 
the  common  ancestral  group  of  the  four  higher  animal  tribes. 
These  last  are :  (1)  the  Star-animals  {Ediinoderma — Star- 
fishes, Sea-urchins,  Sea-lilies,  Sea-cucumbers) ;  (2)  the  im- 
portant class  of  the  Articulated -animals  {Arthropoda — 
Crabs,  Spidera,  Centipedes,  Insects);  (3)  the  Sofb-bodied- 
animals  {MoUvsca — Lamp-shells,  Mussels,  Snails,  eta) ;  and 
finally  (4)  the  Vertebrata,  the  most  highly  developed  tribe 
of  animals,  to  which  Man  belongs. 

These  are  the  principles  of  the  imified  or  monophyletic 
genealogy  of  the  animal  kingdom,  as  they  present  them- 
selves, provisionally,  according  to  the  Gastirea  Theory,  at 
the  present  stage  of  zoological  classification  and  of  embryo- 
logical  knowledge.  If  I  am  right  in  asserting  the  original 
similaritj^  or  homology  of  the  primitive  intestine  and  the 
two  primary  germ-layers  enclosing  it  in  all  intestinal 
animals,  this  phylogenetic  classification  of  the  animal 
kingdom  may  supersede  the  systems  hitherto  based  on  the 
Type  Theory.  According  to  this,  therefore,  the  seven 
types  of  that  theory  acquire  a  wholly  different  significance. 
Of  these  seven  tribes  (Phyla),  (1)  that  of  the  Protozoa 
remains  at  the  foot  of  the  scale;  from  it  springs  (2)  the 
Gastraea,  which  branches  into  the  two  lines  of  <he  Plant- 
animals  and  Woitos  ;  and  from  the  Worms  develop  (:3)  the 
four  higher  groups  of  animals;  these  last  are  four  diverging 
lines,  which  arc  only  connected  together  at  the  base,  among 
the  lowest  Worms,  but  are  not  otherwise  comparable. 
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In  specially  observing  the  position  of  Man  in  the  animal 
lystem,  it  cannot  be  doubted  for  a  moment  that  the  entire 
bodily  structure  of  Man  is  that  of  a  Vertebrate,  and  that 
Man  possesses  in  the  characteristic  position  and  combination 
of  his  organs  all  those  peculiarities  which  appear  only  in 
the  Vertebrate  class,  and  are  totally  wanting  in  all  other 
animals.  The  Vertebrates  are  either  in  no  way  related  to 
the  three  other  higher  groups  of  animals,  or  they  are  so 
only  in  their  common  descent  from  the  Worms  and  from 
the  Qastr^a ;  on  the  contrary,  a  relationship  really  exists, 
and  may  be  clearly  proved  between  Vertebrates  and  some 
forms  of  Worms.  I  may  now  enunciate  the  proposition, 
which  we  shall  hereafter  prove,  that  the  entire  Vertebrate 
tribe  has  developed  from  the  Worm  tribe.  On  the  other 
hand,  the  Vertebrates  have  certainly  not  descended  from 
the  Articulated-animals  (Arthropoda),  the  Soft- bodied 
Animals  {Mollv^sca),  or  Star-animals  (Echinoderma).  There- 
fore by  far  the  greater  part  of  the  animal  kingdom  may  be 
entirely  overlooked  in  our  future  investigations,  wliethcr 
Ontogenetic  or  Phylogenetic.  We  have  nothing  further  to 
do  with  these.  The  three  groups  which  alone  interest  us, 
are  the  Primitive  Animals  {Protozoa),  the  Worms,  and  the 
Vertebratea 

Those  people  who  regard  the  descent  of  Man  from  the 

animal  kingdom  as  a  more  or  less  degrading  stigma,  and 

aiv  ashamed  of  it,  may  take  such  consolation  as  they  can 

hom  the  fact  that  the  greater  part  of  the  animal  kingdom 

is  not  akin  to  them.     The  Vertebrates  have  no  connection 

with  the  great  group  of  Articulated -animals  {ArUiropoda)  \ 

but  to  the  latter  belong  not  onl}*  the  Crabs,  but  also  th« 

Spiders  and  Insects,  which  last  foim  a  single  class,  com- 
19 
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prising  probably  as  many,  if  not  more,  distinct  species  thau 
all  the  other  classes  of  animals  together.  Unfortunately, 
we  lose  by  this  the  relationship  which  might  otherwise 
connect  us  with  Termites,  Ants,  Bees,  and  other  virtuous 
members  of  the  Articulate  class.  Among  these  insects  aro 
many  well-known  patterns  of  virtue,  which  the  fable 
writers  of  old  classic  times  held  up  as  examples  for  men. 
In  the  civil  and  social  arrangements  of  the  Ants  especially, 
we  meet  with  highly  developed  institutions  which  we  may 
even  yet  regard  as  instructive  examples.  But  unfortu* 
nately  these  highly  civilized  animals  are  not  related  to  us. 

Our  next  task  must  now  be,  to  enter  in  greater  detail 
into  the  vertebrate  nature  of  Man,  and  to  determine  the 
special  position  which  he  holds  in  the  system  of  Verte- 
bratea  Here  it  is  necessary  to  point  out  the  most  essen- 
tial facts  in  the  particular  structure  of  the  vertebrate 
body;  for,  otherwise,  we  shall  be  quite  unable  to  enter 
rightlj'  into  the  difficnlt  question  of  Ontogeny.  The  evolu- 
tion of  even  the  simplest  and  lowest  Vertebrate  from  the 
simple  Gastrula  is  so  complex  a  process,  and  is  so  difficult 
to  trace,  that  it  is  necessary  to  understand  the  principles 
of  the  organization  of  the  perfect  Vertebrate,  in  order  to 
comprehend  the  principles  of  its  evolution.  But  it  is  equally 
important  that  in  this  brief  anatomical  description  of  the 
vertebrate  organism,  we  should  stop  only  at  the  essential 
facts,  and  leave  all  others  untouched.  Therefore,  in  giving 
an  ideal  anatomical  sketch  of  the  main  form  of  the  Verte- 
brate and  its  inner  organization,  I  leave  out  all  secondary 
and  non-essential  circumstances,  and  confine  mj'self  to 
those  most  essential 

Many  (mrticidars,  which  will  probably  appear  highly 
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important  and  essential  to  the  reader,  are  shown  by  the 
History  of  Evolution  and  C«»niparative  Anatomy  to  be  of 
secondary  and  subordinate  importance,  or  even  entii-cly  non- 
essential. For  example,  from  this  point  of  view  the  head 
Willi  the  skull  and  the  brain  are  non-essential,  as  are  also  the 
extremities, or  limbs.  It  is  true  that  these  parts  of  the  body 
possess  a  very  high— even  the  very  highest  physiological 
importance;  but  for  a  morphological  conception  of  the 
Vertebrate,  they  are  non-essential,  because  they  ap|x*ar 
only  in  the  higher  Vertebrata,  and  are  wanting  in  tiie  lower. 
The  lowest  Vertebrates  possess  neither  a  clearly  marked 
head  with  a  bi*ain  and  skull,  nor  extremities,  nor  limbs. 
The  human  embryo  also  passes  through  a  stage  in  which  it 
possesses  no  head,  no  brain,  no  skull,  in  which  the  trunk 
is  still  entirely  simple  and  undivided  into  head,  neck, 
breas^,  and  abdomen,  in  which  there  is  no  trace  of  limbs, 
arms,  or  legs.  In  this  stage  of  evolution,  Man.  as  well  as 
every  other  higher  Vertebrate,  essentially  resembles  that 
simplest  Vertebrate  form,  which  is  rcpiusentcil  only  by  a 
Finale  existing  Vertebrate,  retaining;  the  form  throiijjhout 
life.  This  single  lowest  Vertebrate,  which  deserves  iho 
closest  consideration,  and,  next  to  Man,  must  un<loul.t€dl^ 
be  called  the  most  interesting  of  all  Vertebrates,  is  the  well- 
known  Lancelet,  or  Amphioxus  (Plates  X.  ami  XI  )  As  we 
uhall  afterwards  examine  this  animal  minutely  (in  Chaitci-a 
XIII.  and  XIV.),  I  shall  say  but  little  about  it  now. 

The  Ampliioxus  lives  buried  in  sea-sand  ;  it  attains  a 
length  of  5-7  centimetres,  and  in  its  adult  condition  is 
shaped  exactly  like  a  long,  lanceloate  leaf.  It  in,  therefoi*e, 
called  the  Lancelet  The  narrow  body  is  compresse«l  on 
both  sides,  is  similarly  pointed  in  front  and  at  the  back« 
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without  any  trace  of  external  appendages,  without  any 
division  of  the  body  into  head,  neck,  breast,  abdomen,  eta 
Its  whole  form  is  so  simple,  that  its  first  discoverer  declared 
it  to  be  a  naked  SnaiL  Not  until  much  later  (about  foHy 
years  ago)  was  the  remarkable  little  being  moix)  clos^Jy 
examined,  and  it  then  became  evident  that  it  is  a  tiue 
Vertebrate.  Later  investigations  have  shown  that  its  bearing 
on  Comparative  Anatomy  and  human  Embryology  and 
Phylogeny  is  of  the  high^t  importance.  For  the  Lancelet 
enables  us  to  solve  the  weighty  question  as  to  the  descent 
of  Vertebrates  from  Worms,  with  certain  lower  forms 
(Ascidia)  of  which  it  is  immediately  connected  in  its  de- 
velopment and  bodily  structure. 

Now,  if  we  make  several  sections  through  the  body  of 
the  Amphioxus, — first,  perpendicular  longitudinal  sections 
through  the  whole  body  from  front  to  back,  and  secondly,  a 
perpendicular  cross-section  through  it  from  right  to  left,  we 
shall  obtain  two  instructive  anatomical  pictures.  (Cf.  Plates 
X.  and  XL)  In  all  e^ssential  points  they  correspond  to  the 
abstract  ideal,  which,  aided  by  Comparative  Anatomy  and 
Ontogeny,  we  are  able  to  conceive  as  the  primitive  type, 
as  the  picture  of  the  Primitive  Vertebrate;  of  that  long 
extinct  parent-form,  to  which  the  whole  Vertebrate  tribe 
owes  its  origin.  We  need  only  make  very  slight  and  im- 
material alterations  in  the  actual  sections  of  the  Anipliicixus, 
in  order  to  obtain  such  an  ideal  anatomical  picture  or 
diagram  of  the  primitive  form  of  tlic  Vertebrate,  as  it  is 
represented  in  Fig.  62-56.  The  Amphioxus  differs  so 
little  from  this  primitive  form  that  it  may  be  accurately 
described  as  a  Primitive  Vertebrate.  (Cf.  Plates  X.  and  XT 
with  Fig.  52-50.)  « 
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In  the  longitudinal  section  of  the  type  of  the  Vertebrate, 
a  thin  hut  firm  rod,  of  cylindrical  form,  and  pointed  at  the 
posterior  and  anterior  ends  (Fig.  52,  x),  is  seen  in  the  middle 
of  the  body.     This  passes  through  the  whole  length  of  the 
centre  of  the  body,  and  represents  the  original  rudimentu 
of  the   spine  or  vertebral  column.    This  is  the  notochord, 
tho  cfu/rda  doraalis,  or  chorda  vertebralis,  which  is  also  called 
the  vertebral  chord  or  spinal  axis,  or,  briefly,  the  chorda. 
This  firm,  but  flexible  and  elastic  chord,  consists  of  a  cartila- 
ginous mass  of  cells,  and  forms  the  central  inner  axis  of  tho 
skeleton  or  main  support  of  the  body ;  it  occurs  exclusively 
in  Vertebrates,  and  is  entirely  wanting  in  all  other  animals. 
As  the  first  rudiment  of  the  spine,  it  possesses  the  same  sig- 
nificance  in  all  Vertebrates,  from  the  Amphioxus  to  Han 
But   in  the  Amphioxus  alone   the   notochord   is   retained, 
throughout  life,  in  its  simplest  form.     In  Man  and  all  the 
other  higher  Vertebrates,  on  the  contrary,  it  is  found  in  this 
form  only  in  the  earliest  embryonic  stages,  and  afterwards 
develops  into  the  articulated  vertebral  column. 

The  spinal  axis,  or  notochord,  is  the  fixed  main  axis  of 
tho  Vertebrate  body,  corresponding  with  the  ideal  axb  of 
length,  and  at  the  same  time  serving  as  a  sure  guide  by 
which  we  learn  the  true  bearing  of  the  typical  relative  i)osi- 
tions  of  the  most  important  organs  of  the  Vertebnite  body. 
By  means  of  it  we  can  picture  the  body  of  the  Vertebrate  in 
its  original  natural  arrangement,  in  which  the  axis  of  length 
lies  horizontally  ;  the  dorsal  side  lies  above,  and  the  ventral 
side  below  (Fig.  52).  If  we  make  a  vertical  section  through 
the  whole  length  of  this  axis,  the  whole  boily  se|>arates  into 
two  similar  and  symmetrical  parts,  the  right  and  left  halves. 
In  both  halves  exactly  the  same  origans  originally  Uq  in  tho 
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Fro.  52.— The  ideal  Primitive  Vurti-bratc  t; 
mr,  mcdullarj  tube;  x,  ohonla;  no,  ni>si; ;  a\ 
montb  ;   k,  ^i II. body  ;   Ik,  gill-openings ;    ty,  pll-nrchcn  ) 


artery;  ii,  prlniitivo  kidney  cnnal ;  f,  ovnry;  li,  tCRticlos 
(riBCoral  cavit]')  i  tns,  muiiclea ;  th,  leather-akin  (coriuii')  i 
(epidtrmii)  ;  /,  akin-fold,  acting  as  lin. 

Fio.  53.— Same  aa  above,  viewed  frutti  tho  ventral  sida 
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Fio.  5i. — Tranircrao  Rcction  of  tho  aauuo  in  the  anterior  port  (throagb 
tfie  iplllHKij.iit  ko,  ¥ig.  53). 

Fio.  55. — Transvenic  section  of  the  Htme  in  tho  central  part  (in  the 
iioi^hbourluKMl  iif  tlio  liuart,  at  hz,  Fig.  53). 

Fio.  5G.  — Tr  iiisvcrso  soction  of  the  samo  in  the  posterior  part  (throag:h 
the  orary,  at  e,  Fig.  53).  The  letten  indicate  the  same  porta  in  all  the 
eectioriM. 

same  relative  position  and  connection ;  but  their  positions 
in  relation  to  the  central  plane  of  section  are  exactly  re- 
versed ;  the  left  half  resembles  the  right,  as  though  reflected 
in  a  mirror.  The  two  halves  are  called  counterparts,  or 
antimera.  The  perpendicular  line  of  section  which  divides 
tho  two  halves,  passes  from  the  back  to  the  abdomen,  and  is 
called  the  sagittal  or  dorso-ventral  axis.  If,  on  the  other 
hand,  we  make  a  horizontal  section  lengthwise  through  the 
chord,  the  whole  body  falls  into  a  dorsal  and  a  ventral  hal£ 
The  line  of  section  which  passes  tlu-ough  the  body  from  the 
right  to  the  left  side  is  called  the  cross  or  lateral  axis.  (C£ 
Plates  IV.  and  V.") 

The  two  halves  of  the  Vertebrate  body  which  are 
separated  by  this  horizontal,  transverse  axis,  have  an 
entirely  different  significance.  The  dorsal  half  is  especially 
the  animal  part  of  the  body,  and  contains  the  greater  pari 
of  the  so-called  animal  organs,  of  the  nerve-system,  muscle- 
system,  bone-system,  etc  The  ventral  half,  on  the  other 
hand,  is  essentially  the  vegetative  part  of  the  body,  and 
contains  the  greater  part  of  the  vegetative  organs  cif  tho 
vertebrate,  the  digestive  system,  the  reproductive  system, 
etc.  The  two  outer  secondary  germ -layers  are,  therefore, 
specially  employed  in  the  formation  of  the  dorsal  half,  and 
tlie  two  inner  in  the  fonnatiun  of  the  ventral  half.  Each 
of  tlio  two  halves  develops  in  the  form  of  a  tube,  and 
surrounds   a  cavity   in    which   another    tube   is   enclosed 
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The  dorsal  half  encloses  the  spinal  cavity,  which  lies  above 
the  notochord,  and  contains  the  tube-  shaped  central  nerve 
system,  the  spinal  marrow  or  spinal  tube.  The  ventral 
half,  on  the  other  hand,  encloses  the  much  larger  intestinal 
or  ventral  cavity,  which  lies  below  the  notochord,  and  con- 
tains the  intestinal  canal  with  all  its  appendages. 

The  spinal,  or  medullary  tube,  as  the  central  nerve 
system  or  mental  organ  of  Vertebrates  is  called  in  its  primi- 
tive condition,  consists  in  Man,  as  in  all  higher  Vertebrates, 
of  two  very  different  parts :  the  large  brain  lying  within  the 
skull,  and  the  long  spinal  cord  which  extends  from  the  brain 
along  the  whole  back  (Plate  V.  Fig.  16,  m).  But  no  part  of 
this  structure  is  seen  in  our  primitive  vertebral  type.  In  this 
the  highly  important  mental  organ,  which  occasions  the  feel- 
ing, willing,  and  thinking  of  the  Vertebrate,  appears  in  an 
extremely  simple  form.  It  is  composed  of  a  long  cylindrical 
tube  which  pa.sses  lengthwise  through  the  body  immediately 
above  the  notochord,  and  encloses  a  narrow  central  canal  filled 
with  fluid  (Fig.  52-57,  mr).  We  find  that  the  Amphioxus 
at  the  present  day  retains  throughout  life  this  simplest 
form  of  the  spinal  canal,  just  as  it  existed  in  all  the  older 
and  lower  Vei*tebrates  (Plate  XL  Fig.  15,  m).  It  is  enclosed 
in  a  tube  of  skin  which  proceeds  from  the  immediate 
surrounding  of  the  notochord,  the  so-called  notochord 
sheath,  and  in  which,  at  a  later  period,  the  bony  vertebrae 
of  the  higher  Vertcbratos  are  developed. 

Of  organs  of  sense,  the  parent-form  of  Vertebrates 
probably  possessed  an  olfactory  groove,  as  the  simplest 
rudiment  of  a  nose  (Fig.  52,  53,  na),  a  pair  of  eyes  (au), 
and  a  pair  of  auditory  vesicles  (g)  of  the  most  simple  clia- 
racter.®*^    Some  of  these  organs  of  sense  are  not  representoJ 
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in  the  Amphioxus,   prol«bly  in  consequence  of  Rccondary 
reversion.     (Cf.  Clia|).  Xltl.) 

Tig.   57.— TmnKverw  ttevlum    llinMich   tlio 

cl.ir.li]    muKtcH)  ib.'sill-ToiiC  i  J:.  k'H  ii'totiDO. 

On  both  aides  of  the  spinal  tube 
of  all  Vertebi-ates,  and  the  notochord 
which  underlies  it^  great  masses  of 
flesh  are  tteen,  which  form  the  muscular 
parts  of  the  trunk  and  accomplish  its  movcnientA.  Although 
in  developed  Vertebrates  those  masses  are  ditTcreiitiated  and 
combinu<l  in  various  ways  (coriespoiidiiig  to  the  variously 
di Here nti ate d  j)arts  of  the  bony  skeleton)  yet  in  our  ideal 
primitive  V'crU;brat«  we  can  distinguish  only  two  pairs  of 
main  muscles  which  traverse  the  whole  length  of  the  body 
parallel  to  the  notochord.  These  are  the  upper,  or  dorsal, 
and  the  lower,  or  ventral,  side-muscles  of  the  trunk.  The 
upiwr  (d>rsalj  side-muscles  <)f  the  trunk,  the  primitive 
back-muscles  {Fig.  58,  «wi)  form  the  thick  mass  of  the 
Hesh  of  the  Iwick.  The  lower  (vential)  side-muscli«,  the 
primitive  ab«)ominaI  muscles,  on  the  other  hand,  form 
the  lleshy  wall  of  the  aUlomen  (Fig.  oM,  iiisi). 


Outride    this   wall    we    fin<l   the    outer   finii    covering 
of  thu    whole    body,   called   the   Icather-skiii   {wriuvi.    ur 
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cutia,  Ih).  The  lower  layers  of  this  tough  and  thick 
covering  consist  principally  of  fat  and  loose  connective 
tissue ;  the  outer  layers  of  skin-muscles  and  firmer  conneo* 
live  tissues.  It  covers  the  whole  surface  of  the  flesliy  body, 
with  whidi  it  is  connected,  and  it  lies  immediately  below  the 
thin  outer  skin  {epidernm,  oh).  In  the  case  of  the  higher 
Vertebrates,  hairs,  nails,  feathers,  claws,  scales  eta,  arise 
from  this  outer  skin.  With  all  its  appendages  and  pro* 
ducts,  it  consists  entirely  of  simple  cells,  and  contains  no 
blood-vessels.  Its  cells  are  connected  with  the  ends  of  the 
sensory  nerves.  Originally  the  outer  skin  {epidermis)  is  an 
entirely  simple  covering  for  the  outer  surface  of  the  body, 
and  consists  of  but  one  kind  of  cell.  In  higher  Vertebrates, 
it  afterwards  separates  into  two  strata,  an  outer,  firmer 
horn-stratum,  and  an  inner,  softer  mucous  stratum ;  many 
external  and  internal  appendages  arise  from  it  at  a  later 
period ;  the  hair,  nails,  etc.,  externally,  and  the  sweat  and 
sebaceous  glands  internally. 

In  tlie  primitive  Vertebrate  the  skin  probably  arose 
along  the  middle  line  of  the  body  in  the  form  of  an  erect, 
perpendicular  seam  used  for  floating  purposes  (/).  The 
Amphioxus  and  the  Cyclostomi  yet  retain  a  similar  seam, 
which  passes  almost  entirely  round  their  bodies ;  one  is  also 
found  on  the  tail  of  the  larval  Frog,  or  Tadpole  (Fig.  194?). 

From  these  external  jmrts  of  the  vci-tebrate  body  we 
will  now  turn  to  the  inner  organs,  which  we  find  beneath 
the  notochord,  in  the  large  body,  or  intestinal  cavity.  Tu 
avoid  confusion,  we  will  in  future  call  this  cavity  the 
ccelaiTia,  In  Anatomy  it  is  usually  called  the  plcuro-peri- 
toneal  cavity  (Fig.  58,  c).  In  Man  and  all  other  Mammals, 
but  in  no  other  animals,  this  coelom,  when  developed,  i« 
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separated  into  two  distinct  cavities,  which  are  completely 
divided  by  a  transverse  partition,  the  muscular  inidritf,  or 
diaphragm.  The  first,  or  chest-cavity,  contains  the  a?sop>  a- 
gu8,  the  heart,  and  the  lungs ;  the  oiher,  the  ventral  cavity, 
contains  the  stomach,  small  intestine,  large  intestine,  liver, 
spleen,  kidneys,  etc.  But  in  mammalian  embryos,  these 
two  form  a  single  connected  cavity,  a  simple  cculom,  bcfoi-e 
tlie  diaphragm  is  developed,  and  this  we  find  to  be  the 
case  in  all  lower  Vertebrates  throughout  life.  This  coelom  is 
covered  by  a  delicate  layer  of  cells,  the  intestinal  epithelium. 
The  most  important  of  the  viscera  within  the  body- 
cavity  {ccdoTna),  is  the  nutritive  intestinal  tube,  the  organ 
which  forms  the  whole  body  of  the  Qastrula.  This  is  a 
lung  tube,  more  or  less  differentiated,  enclosed  in  the  coelom, 
and  having  two  openings;  a  mouth-opening  for  taking  in 
food  (Fig.  59,  GO,  md),  and  ap  anal  opening  for  di;»cLiirg- 
ing  waste-matter  or  excrement  (a/).  Numerous  glmidB,  all 
of  which  proceed  from  the  intestine,  are  attached  to  the 
intestinal  canal,  which  are  of  great  importance  in  the  verte- 
brate body.  These  are  the  salivary  glands,  lunjH,  liver, 
and  numerous  smaller  glands.  A  pair  of  simple  liver- 
pouches  (Fig.  59,  GO,  I)  were  probably  present  even  in  the 
parent-form  of  Vertebrates.  The  walls  of  the  intestinal 
canal  and  of  all  these  appendages,  consist  of  two  very 
diflferent  parts  or  layers;  the  inner  cellular  covering  in  the 
intestinal -glandular  layer,  or  the  fourth  genn-lflycr ;  the 
outer  fibrous  envelope,  un  the  other  hand,  procesda  from 
the  third  germ-layer,  the  intestinal-fibrous  layer ;  it  is 
mainly  composed  of  muscle-fibres,  which  effect  the  digestive 
movements  of  the  intestine,  and  of  a  tissue  of  connective 
fibres  forming  a  firm  covering.     Tlie  mesentery,  a  thin. 
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ribbon-like  layer,  by  which  the  intestinal  canal  is  attached 
to  the  ventral  side  of  the  notochord,  is  a  continuation  of 
this.  In  addition  to  this,  the  most  important  parts  of  the 
)ilood-vessel  system,  especially  the  heart,  and  the  greater 
arteries,  also  develop  from  this  intestinal-fibrous  covering. 
In  Vertebrates  the  intestinal  canal,  as  a  whole  as  well  as 
in  its  sepamte  parts,  is  modified  in  various  ways,  although 
itp  original  very  simple  form  is  always  the  same.  As 
a  rule,  the  intestinal  canal  is  longer,  often  many  times 
longer,  than  the  body,  and  therefore  lies,  in  many  convolu- 
tions, enclosed  in  the  coeloma,  especially  in  the  back  part. 
In  higher  Vertebrates  it  is  also  often  divided  by  valves 
into  various  separate  parts ;  the  parts  being  distinguished 
as  the  mouth,  throat,  oesophagus,  stomach,  small  intestine, 
large  intestine,  and  rectum.  All  these  parts  arise  from  a  veiy 
simple  formation,  which  originally  (and,  in  the  Amphioxus, 
permanently)  is  a  sti-aight,  cylindrical  canal  running  from 
front  to  rear  beL»w  the  notochord. 

As  the  intestinal  canal,  in  a  morphological  sense,  may  be 
regarded  as  the  most  important  organ  of  the  animal  body, 
it  is  interesting  to  get  a  clear  conception  of  its  essential 
nature  in  Vertebrates,  setting  aside  all  non-essential  parta 
In  this  respect,  it  is  especially  necessary  to  give  due 
weight  to  the  fact  that  the  intestinal  canal  in  all  Verte- 
brates shows  a  very  characteristic  division  into  two  part«, 
ft  front  half  (Fig.  59,  k)  which  serves  especially  for  respira- 
tion, and  a  hind  half  which  serves  entirely  for  digestion 
(d).  In  all  Vertebrates  peculiar  clefts  appear,  at  a  very 
early  period,  on  the  right  and  left  sides  of  the  front  divi- 
sion of  the  intestinal  canal ;  these,  the  so-called  gill-open- 
ings  (ks),  are   most   closely   connected    to    the    primitive 
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respiration  of  Vertebrates.  AH  lower  Vertebrates,  tho 
Anijihioxus,  Lampreys,  and  Fishes,  ouiitiiiually  take  in 
water   through   the   mouth,  and   let   it   jmss   out   tln-ough 


tg,    f;ill-'CBicls  1    I;,  glll.iatistinc ;     hi,    boart;    nil,    maiclei ; 
;  (<,  inlcitiuml  Tein  1  e.  bodycaritj  ;  n.kurtk;  t,  lifer;  <!,  imall 
aruy  ;  \.  Ccatei ;  n,  kidney  cvad  i  a/,  khu*  ;  Ih,  leather  ilda  | 
oh,  outer  akin  (epidunnia)  ;  /.  ilfin  fuld,  Bctiag  u  fin. 

the  lateral  opcningn  of  the  neck.  The  water  that  passes 
through  the  mouth  serves  for  breathing.  The  oxygen 
contained  in  it  is  inhale<l  by  the  blood-channels  which 
extend  along  the  "  gill-arches "  (hj),  situated  between 
the  gill-ojtenings.  These  very  characteristic  giil-openings 
and  gill-arches  are  found  in  the  human  embryo,  and  in 
the  embryoa  of  all  higher  Vertebrates,  at  an  early  [wriod 
of  their  development,  in  that  fonu  in  which  they  are 
retained  throujrhoiit  life  by  th;r  lower  Vertflirates.  In 
MauiiiialH,  Bird.-:,  and  ilejitlk-s  tliey  never  act  a<t  true  organs 
of  respiration,  but  gradually  develop  into  very  ditft-rent 
organs.  The  fact  that  they  on;,'inally  actually  exist  In  the 
name  fonn  as  in  Fishes,  is,  however,  one  of  the  most  int  'rent- 
ing prcOTfs  of  the  descent  of  theses  three  higher  cia-tses  of 
V>-rti'brntes  from  th-  Fitlr-s. 
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Kot  leas  interesting  and  significant  is  the  circumstsncis 
that  the  later  respiratory  organs  of  ilammals.  Birds,  and 
Reptiles  develop  from  the  front,  or  respiratory  portion  of  the 
intestinal  canal.  A  bladder-like  fold  develops  at  an  early 
period  from  the  throat  of  the  embryo,  and  soon  takes  the 
form  of  two  lai-ge  sacs,  which  are  afterwards  filled  with 
air.  These  sacs  are  the  two  air-breathing  lungs  which  take 
the  place  of  the  water-breathing  gills.  But  this  bladder- 
like  fold,  from  which  the  lungs  arise,  is  simply  the  well- 
known  tur-fiUed  bladder  which  is  called  the  swimming- 
bladder  in  Fishes,  and  serves  throughout  life  as  a  hydra- 
static  organ,  a  swimming-apparatus  lightening  the  specific 
gravity  of  the  Fish.  Human  lungs  are  a  modification  of 
the  swimming-bladder  of  Fishes. 

The  vascular  system  of  Vertebrat&s  stands  in  the  closest 
morplio logical  and  physiological  relation  to  the  intestinal 
canal,  its  most  important  parts  being  developed  from  the 
intestinal-fibrous  layer.  It  consists  of  two  distinct  parts, 
which  are,  however,  immediately  dejiendent  oij  each  otlier. 


Flo.  go.— Ideal  PrimitiTe  Vertebrate,  ventral  view:  no,  nose;  au, 
t'yes;  g,  ear;  tnd,  month;  t,  ([ill.bodjj  Ita,  Kill-openins" ;  ty,  rnscnlnr 
gill-arches;  ht,  heart;  V,  inlestin&l  vein;  ma,  Btomach ;  I,  liver;  d,  rmnlt 
intcBtiae;  n/i  aniu  ;  fl,  priroitive  kiiineyi ;  e,  ovary;  h,  tpsticlca ;  t.  bo,ly- 
cai'ity  ;  III!',  muscle* ;  /,  akin-fuld,  Beting  an  Boat. 
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the  system  of  blood-vessels  and  the  system  of  lymphatic 
vessels.  The  cavities  of  the  former  contain  tlie  red  blood ; 
those  of  the  latter,  the  colourless  lymph.  To  the  lymphatic 
system  belongs  the  ccelom  (the  so-called  pleuro-pcritoncal 
cavity) ;  and  also  numerous  l3rmphatic  ducts  which  extend 
through  all  the  organs,  absorbing  the  juices  which  have 
been  consumed  from  the  tissues,  and  conveying  them  into 
the  venous  blood.  Finally,  the  chyle-vessels,  which  absorb 
the  white  chyle  or  milky  nutritive  juice  prepared  by  the 
intestines,  carry  it  into  the  blood. 

The  blood-vessel  system  of  Vertebrates  is  developed  in 
various  ways,  but  seems  originally  to  have  existed,  in  the 
Primitive  Vertebrate,  in  the  simple  form  in  which  it  now 
permanently  exists  in  the  Ringed- worms  (Annelida) — for 
example,  the  common  Earth-worm — and  in  the  Amphioxua 
Two  large  unequal  blood-channels,  which  are  originally 
situated  in  the  fibrous  wall  of  the  intestine,  and  which  run 
along  the  intestinal  canal  in  the  central  plane  of  the  body 
(one  underneath  the  intestinal  canal,  and  the  other  above), 
must  especially  be  regarded  as  essentially  and  originally  the 
most  important  part  of  the  blood-vessel  system.  These  two 
principal  channels  give  rise  to  many  branches  which  traverse 
all  parts  of  the  body,  and  pass  into  each  other  in  curves  at 
the  anterior  and  posterior  ends  of  the  body  ;  we  will  call 
them  the  primitive  artery  and  primitive  vein.  The  fonner 
represents  the  dorsal  vessels,  the  latter  the  ventral  vessels 
of  the  Worms.  The  primitive  artery  or  primordial  aorta 
(Fig.  59,  a)  lies  on  the  top  of  the  intestine,  along  the  central 
line  of  the  dorsal  side,  and  conveys  oxygenated  or  arterial 
blood  from  the  gills  into  the  body.  The  primitive  or 
primordial  principal  vein  (Fig.  CO,  v)  lies  below  the  inten* 
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tine,  along  the  central  line  on  the  side  toward  the  abdomen, 
and  conveys  carbonated,  or  venous  blood,  from  the  body 
ba<;k  to  the  gills.  In  the  front  part  of  the  gill-division  of 
the  intestine,  these  two  main  channels  are  connected  by 
several  connecting  branches,  which  rise  in  the  fonn  ol 
aichos  between  the  gill-openings.  These  "vascular  gill- 
arches"  Qcg)  pass  along  the  gill-openings,  and  directly 
accomplish  respiration.  Immediately  behind  their  base  the 
front  end  of  the  primitive  vein  enlarges  into  a  spindle-shaped 
bladder  Qiz),  This  is  the  simplest  rudiment  of  the  heart, 
which,  in  higher  Vertebrates  and  in  Man,  afterwards  as- 
sumes the  form  of  a  four-chambered,  pulsating  organ. 

In  the  lowest  part  of  the  body -cavity  of  Vertebrates, 
on  the  under  side  of  the  dorsal  wall,  near  and  on  both  sides 
of  the  notochord  and  the  mesentery,  lie  the  sexual  glands, 
which  form  the  reproductive  cells ;  in  tlie  female  the  ovary, 
in  the  male  the  testis.  Recent  study  of  the  development 
of  these  parts  seems  to  show  that  the  original  formation 
of  the  sexual  glands  in  mankind  and  in  all  other  Veii;e- 
brates,  is  hermaphroditic,  or  sexless.  The  embryonic  glands 
of  the  Vertebrate  contain  the  rudiments  of  both  kinds  of 
reproductive  organs — the  ovary  of  the  female,  which  forms 
Ihe  ovule;  and  the  testis  of  the  male,  which  forms  the 
sperm.  These  two  kinds  of  sexual- glands,  each  of  which  at 
a  later  stage  of  development  is  distributed  to  one  only  of 
the  two  sexes,  are  originally  united  in  the  embryo.  This 
fact  leads  us  to  the  conviction,  which  appears  probable  on 
other  grounds  also,  that  Vertebrates,  in  common  with  lower 
animals,  were  originally  hermaphrodite,  that  each  indi- 
vidual was  capable  of  reproducing  itself  indcpcn  Icntly,  and 
that  the  separation  of  the  sexual  organs  took  place  at  a 
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later  period.     We  may,  therefore,  ftKinmo  tliat  the  inimitive 
Vcrt<;tirate   posr^'ssed    both    ovaries    (Fig.   GO,   CI,  *•)   and 

testes  (A). 

Fiu.  Gl.— Trans venc  loction  llirou„'li  tho 
pustoi'iur  pnrt  al  the  idoBl  I'rimitirc  Vcrtcbr&to  : 
/,  fioat;  mr,  spinal  tabe;  «,  ootochord  1  nu, 
■nucclea  i  *,  ovtricaj  n,  ivimiCiTfl  kidoflj  duD[«( 
a,  bodj-nrlPrioH  ;  d,  ialtatiue  1  r,  intostinBl  lein. 

The  Hcxual  organs  of  Vcrteliratcs 
arc  most  intimately  conaeeted  with  the 
primitive  kidneys,  two  glands  running 
along  near  the  notochord,  which,  in  the  embryo,  secrete  the 
urine,  and  in  Fishes  and  Amphibia,  remain  jwmmnently  as 
urinary  oi^ans."  In  higher  Vertebrates,  their  place  is  taken 
at  a  lat«r  period  by  the  permanent  kidneys,  which  arise 
from  the  posterior  portion  of  the  primitive  kidney  ducts. 
In  their  earliest  and  simplest  form,  the  primitive  kidneys 
ap]>enr  to  l>e  a  pair  of  simjile  duets,  running  alon^j  either 
side  of  the  notochord  within  the  tiody-cavity,  and  having 
openings  at  their  posterior  ends  fKig  CO,  »).  In  this  foiin 
tlicy  yet  ap|>ear  transiently  in  tin-  i-nibryo  of  higher  Verte- 
brates, and  permanently  in  the  Wonns. 

The  organs  which  we  have  thns  onumeratid  in  a 
general  survey  of  the  primitive  Vertebrate,  and  Iiavc  ex- 
amined in  relation  to  their  characteristic  positiims,  arc 
those  (Mirts  of  the  organism  which  are  n'}H'ated  in  nil 
V.Tt.-l.rnt.s  witln.ut  es.-..pti..n.  in  tin.-  sam.-  mutual  rela- 
tions, Uio\igli  tlicy  are  ituxlilieil  iu  vi-ry  vari<ius  ways.  Wo 
Iiavv  tnnnil  our  atl^-ntion  prineipally  to  tb.'  ti-nn>v(-rs(i 
s.-eti..n  of  the  Uxiy  (Tig.  rA  :,V,  .  1-rau.M-  it  Al.vs  m.,st 
distinctly   the   peculiar   ri'Ialive   jH>Mittona  of  these  organs. 
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But,  in  order  to  perfect  our  picture,  we  must  turn  for  a 
moment  to  pay  special  attention,  to  their  articulation  or 
metameric  structure,  which  is  best  seen  in  the  longitudinal 
section  (Fig.  52,  53).  The  body  of  Man,  as  of  all  developed 
Vertebrates,  appears  to  be  composed  of  a  string  or  chain  oi 
like  members  lying  one  behind  the  other  along  the  longi- 
tudinal axis  of  the  body.  In  Man  the  number  of  these 
Uke  segments  or  metamera  is  about  forty ;  in  many  Ver- 
tebrates,  for  example,  in  Snakes  and  Eels,  it  is  several 
hundred.  As  this  inner  articulation  corresponds  essentially 
with  the  vertebral  column  and  the  muscles  surrounding  it^ 
these  members,  segments  or  metamera,  are  called  primitive 
vertebrsB.  Now,  this  structure  of  these  primitive  ver- 
tebrae, or  internal  metamera,  is  correctly  regarded  as  a 
prominent  characteristic  of  Vertebrates,  and  the  various 
forms  into  which  it  is  differentiated  bear  greatly  on  the 
different  groups  of  Vertebrates.  But  in  our  present  task, 
that  of  tracing  the  development  of  the  simple  body  of  the 
primitive  Vertebrate  from  the  Gastrula,  the  segments  or 
metamera  are  of  subordinate  significance,  and  we  need  not 
deal  with  them  till  later. 

Putting  these  metamera  temporarily  aside,  I  think  that, 
in  the  above  brief  description  of  the  essential  parts.  I  have 
said  everything  necessary  as  to  the  fundamental  structure 
of  Veitebrates.  The  chief  organs  which  have  been  men- 
tioned are  the  original  and  most  important  parts,  nearly  all 
of  which  are  to  be  found,  in  a  similar  form,  in  the  adult 
Amphioxus,  and  which  re-occur  in  the  original  rudimentary 
germ  of  all  members  of  this  tribe.  Many  very  important 
parts,  which  appear  to  be  entirely  essential,  will,  it  is  true, 
be  missed  in  this  review.     As  I  have  already  remarked,  the 
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specialized  head  of  the  Vertebrate  with  skull  and  brain  is 
%  non-esseutial,  secondary  formation  ;  and  tlic  same  may  be 
said  of  the  limbs  or  exti'emities.  Important  as  these  parts 
of  Man  and  the  higher  vertebrates  are  physiologically,  they 
are  morphologically  unimportant,  for  originally  they  were 
absent,  and  they  develop  only  at  a  later  period.  The  older 
Vertebrates  of  the  Silurian  Period  had  neither  skull  nor 
brain,  and  were  entirely  without  limbs. 

If  we  pay  no  attention  to  those  parts  which  are  second 
arily  formed,  and  are  therefore  unimportant,  and  if  we 
provisionally  examine  only  the  essential,  primary  parts,  we 
shall  greatly  simplify  our  task.  This  task  is  essentially 
to  trace  the  described  organism  of  the  "primitive  Verte- 
brate "  from  the  simple  germ-form  of  the  Gastrula.  That 
simplest  Vertebrate  body  is,  as  is  usually  said,  composed  of 
two  symmetrical,  double  tubes ;  of  a  lower  tube,  the  body- 
wall,  which  surrounds  the  intestinal  tube,  and  of  an  upper 
tube,  spinal  canal,  which  surrounds  the  spinal  marrow. 
Between  the  spinal  tube  and  the  intestinal  tube,  lies  the 
notuchord,  the  most  essential  part  of  the  inner  axis  of 
the  skeleton  which  characterizes  the  Vertebrate.  This 
characteiistic  arrangement  of  the  most  impotlant  organs 
re-occurs  in  all  Vertebrates  fn»m  the  Aniphioxus  to  Man. 
(Cf.  Plate  IV.,  with  explanation.)  We  must,  therefore, 
now  examine  the  way  in  which  these  organs  develop  fiom 
the  two  primary  germ-layers  of  the  Gastrula,  and  fmni  the 
four  secondary  germ-layers  which  arise  by  tission  of  the  two 
primaries. 

In  order  to  solve  this  difficult  problem  it  seems  desirable 
to  begin  with  a  statement  of  the  most  important  conclusions 
of  ontogenetic  study.     The  distant  goal  will  be  more  easily 
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reached  if.  we  see  it  clearly  before  us.  I  will  now,  tbere* 
fore,  mention  as  briefly  as  possible  the  relations  which 
these  particular  organs  of  the  vertebrate  organism  beai'  to 
the  four  diflerent  germ-layera 

The  first  of  the  secondary  germ-layers,  the  skin-sensory- 
layer,  produces, — firstly,  the  outer  covering  of  the  wliol^ 
body ;  the  outer  skin,  or  epidermis,  and,  in  higher  Ver- 
tebrates, the  hair,  nails,  sweat  and  sebaceous  glands,  and 
all  other  parts  developing  secondarily  from  the  originally 
simple  outer  skin  (epidermis).  In  the  second  place,  from 
this  layer  arises  also  the  central  nerve-system,  the  medullary 
or  spinal  canaL  It  is  remarkable  tliat  this  mental  organ 
develops  from  the  outer  surface  of  the  epidermis,  and,  only 
afterwards,  during  .the  course  of  the  development  of  the 
individual,  gradually  moves  inward,  so  that,  at  a  later 
period,  it  is  situated  internally,  surrounded  by  muscles, 
bones,  and  other  parta  Thirdly,  the  primitive  kidney  of 
the  Vertebrate  which  secretes  the  urine,  probably  develops 
from  the  outer  germ-layer.  It  may  be  presumed  that  this 
primitive  kidney  was  originally  a  secretory  gland  of  the' 
skin,  like  the  sweat-glands,  and,  like  them,  developed  from 
the  outer  skin  {epidermis);  at  a  later  period  it  lies  deep 
within  the  body. 

From  the  second  of  the  secondary  germ-layers,  the  skin- 
fibrous  layer,  arises  the  principal  mass  of  the  vertebrate 
body,  namely,  all  those  parts  lying  between  tlie  cjndci^nia 
and  the  inner  coelom,  and  forming  the  firm  body-wall.  To 
these  belong,  firstly,  the  leather-skin  (corium),  which  lies 
at  the  surface  directly  under  the  ejndci^ds, —  the  firm, 
fibrous  covering  which  contains  the  nerves  and  blood-vessels 
of  the  skin ;  secondly,   the   great  masses  of  muscle  of  the 


RXLATION  OF  THE  OBQAKS  TO  THE  QERM-LATEIIS.      2J\ 

whole  trunk,  or  the  flesh,  surrounding  the  vertebral  column, 
and  consisting  of  two  main  groups  of  muscles ;  the  dorsal, 
or  upper  side-muscles  of  tl)e  trunk,  and  the  ventral,  or  lower 
side-muscles  of  the  trunk.  To  these  must  be  added,  in  the 
third  place,  the  inner  skeleton,  which  is  especially  character- 
istic of  Vertebrates,  the  central  formation  of  which  is  the 
spinal  axis  or  notochord,  developing  at  a  later  period 
into  the  articulated  vertebral  column;  also  all  the  bones, 
cartilages,  ligaments,  etc.,  which  form  the  vertebral  skeleton 
in  all  more  highly  developed  Vertebrates,  and  are  connected 
by  the  sinews  and  muscles  belonging  to  it  Fourthly  and 
finally,  from  the  innermost  layer  of  cells  of  this  secondary 
germ-layer  develops  the  exoccelar,  that  is,  the  outer,  or 
parietal  cojlom-epithelium,  the  cell-layer  which  forms  the 
inner  covering  of  the  body-wall,  and  which  is  also  probably 
the  original  site  of  the  male  sexual  cells. 

The  third  secondary  germ-layer  is  the  intestinal -fibrous 
layer.  From  this  is  developed,  firstly,  the  endocoslar,  that 
is,  the  inner,  or  visceral  ccelom-epithelium,  the  layer  of 
cells,  covering  the  outer  surface  of  the  whole  intestine,  pro- 
bably also  the  site  of  the  female  sexual  cells.  Secondly,  from 
tliis  layer  originates  the  heart,  and  the  great  blood -ves.sels 
of  th*;  body,  as  well  as  the  blood  itself,  so  that  it  lias  been 
(•all('<l,  in  a  peculiar  sonse,  the  vascular  layer.  The  great 
blood-rhannols,  or  arteries,  ^^oing  from  the  heart  and  tlie 
grrat  veifis  juissing  to  the  heart,  as  well  as  the  cliyle-ves- 
M'ls,  wliich  n|K*n  into  tin*  laftrr,  arr  f«»riiMMl,  likt»  the  heart, 
the  Ivniph,  and  the  i>l<KMl  itM*lf,  ivmn  this  third  germ- 
laver.  Thirdly,  arises  tlie  niUMiilar  tiil»e  of  the  intes- 
tines,  or  the  mesenteric  tuU\  that  is,  the  whole  f»f  those 
fibrous  and  lleshy  parts  which  form  the  outer  wall  of  the 
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intestinal  canal,  as  well  as  the  mesentery,  the  thin,  fibrous 
membrane  by  which  the  intestinal  canal  is  connected  with 
the  ventral  side  of  the  vertebral  column. 

The  history  of  the  fourth  secondary  germ-layer,  or  the 
intestinal-glandular  layer,  is  very  simple  and  clear.  Its 
only  product  is  the  intestinal  cellular  covering,  or  the  Epir 
thelium  of  the  intestinal  canal  with  all  its  appendages,  the 
large  and  small  intestinal  glands,  among  which  are  the 
lungs,  liver,  salivary  glands.    (Cf.  Plates  IV.,  V.) 
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Cocloma,  or  Body-cariry.  A  space  between  the  body-wall  and  the 
intestinal  wall,  between  the  ezoderm  and  the  entoderm,  filled  with  lymph 
(colour less  blood). 
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CHAPTER  X. 

THE  CONSTRUCTION  OP  THE  BODY  FROM  THE  GERM- 
LAYERS. 

Ilie  Orig^al  (Palingenefcic)  Development  of  the  Vertebrate  Bodj  from 
the  Gastrnla. — Relation  of  this  Process  to  the  Later  (Kcnogenetio) 
Germination,  as  it  occnrs  in  Mammals. — The  most  important  act  in  the 
Formation  of  the  Vertebrate. — The  Primary  Gcrm-layera,  and  also  the 
Secondary  Gcrin-layers,  which  arise  by  Fission  of  tho  Primaries, 
originally  form  Closed  Tabes. — Contemporaneously  with  tho  Completion 
of  the  Yolk-sac,  the  Germ-layers  flatten,  and  only  later  again  assume 
a  Tabular  Form. — Origin  of  tho  Disc-shaped  Mammalian  Germ-iirca. 
— Light  Germ-area  (area  pcllucida)  aud  Dark  Germ  area  {area 
apaca). — Tho  Oval  Germ-shield,  which  afterwards  assumes  tho  Shape 
of  the  Sole  of  a  Shoe,  appears  in  the  Centre  of  the  Light  Germ-area 
(a.  pellucida). — The  Primitive  Streak  separates  the  Germ-shield  into 
a  Right  and  Left  Half. — Below  the  Dorsal  Furrow  the  Central  Germ- 
layer  parts  into  the  Notochord  and  the  Two  Side-layers. — The  8ido- 
layers  split  horizontally  into  Two  Layers :  the  Skin-fibrous  layer  and 
the  Intestinal-fibrous  layer. — The  Primary  Vertebral  Cords  separate  from 
the  Side-layers. — The  Skin-sensory  Layer  separates  into  Three  Parts : 
the  llorny  Layer,  Spinal  Canal,  and  l*rimitivo  Kidney. — Formation  ol 
the  Cocl'im  aud  the  First  Arteries. — Tho  Intestinal  Canal  proceeds  from 
tiie  Intestinal  Furrow, — The  Embryo  separates  from  tho  Germ-vesiclo. 
— Around  it  is  formed  the  Amnion-fold,  which  coalesces  over  tho  back 
of  the  Embryo,  so  as  to  form  a  Closed  Sac. — Tho  Amnion. — The 
Amnion-watcr. — The  Yelk-sac,  or  Navel- vesicle. — Tho  Closing  of  the 
Intestinal  and  Ventral  Walls  occasions  the  Formation  of  the  Navel. — 
The  Dorsal  and  Ventral  Walla. 

"  The  development  of  the  Vertebrate  proceeds  from  an  axis  upwunl,  in 
two  laycns,  which  coalesce  at  the  oJgc.-?,  and  also  downward,  in  two  layers, 
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which  likewise  ooalwoe  nt  the  cd^s.  Thus  two  mnin  tnbcs  are  formed,  on© 
above  the  other.  During  tlic  formntiou  of  these,  tlio  embryo  »e|>nmtr8  into 
strata,  so  that  the  two  main  luboH  nre  com|H)t»cd  of  subonlinato  tubc8  which 
enolnse  each  other  as  fundamentnl  or^'nn^  and  are  capable  of  devdofnng 
into  all  the  organs."— Kakl  Eknst  Uaku  (1828). 

The  mammalian  egg,  in  the  stage  of  development  in  which 
we  left  it.  presented  an  extremely  important  and  remark- 
able germ-form,  the  Gastrula  (Fig.  41,  p.  213,  and  Plate  II. 
Fig  17).  The  whole  body  of  this  globular  Gastrula  con- 
sists solely  of  the  two  kinds  of  cells  which  compose  the 
two  primary  germ-layers.  A  single  stratum  of  lighter- 
coloured  and  firmer  cells  forms  the  outer  germ-layer,  and  con- 
stitutes an  outer  covering  over  the  whole  surface  of  the  body 
of  the  Gastrula.  The  whole  interior  of  the  latter  is  filled 
by  the  darker  and  softer  cells  of  the  inner  genn-layer:  it 
is  only  at  a  single  point  that  these  latter  cells  appear  at 
the  outer  surface  of  the  spherical  body ;  this  point  is  the 
mouth  of  the  Gastrula,  the  primitive  mouth  (protosionia, 
Fig.  41,  o). 

It  is  no  easy  task  to  explain  how  the  complex  mamtha- 
lian  organism  originates  from  this  simple  Gastrula.  In 
order  to  lighten  the  task,  we  have,  as  a  preliminary,  made 
ourselves  acquainted  with  the  typical  structure  of  the 
simple  primitive  Vertebrate  (Fig.  52-5G,  p.  25G).  We  chiefly 
based  our  study  of  that  directly  on  the  real  conditions 
which  may  yet  be  actually  seen  in  the  structure  of  the 
body  of  the  lowest  extant  Vertebrate,  the  Ampliioxus.  In 
most  important  points  of  internal  organizati<m  we  may 
legaid  the  Aini>luoxvis  as  a  con*ect,  palin;^enetic  picture  of 
the  long-extinct  paicnt-form  of  ail  VertobiAt^s,  Hut  form  to 
which  the  origin  of  Man  must  also  be  referred.  It  is  only 
in  a  few  unimportant  points  that  the  Amphioxus  appears  to 
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Fro.  r.2-fi9,— Diajframinfttio  tmnsvpnio    sections   throngh   the  most 
portant  RPrm-forms  nf  the  idea!  Priuiitivo  VortcbralB  (Fig.  52-Bl)." 
Fio.ii'i.~~-A.  TransTprse  section  througli  tlio  Gastrula  ;  two-lsLjorcd  g 
FlO.  C3.— J).  Tlin  e-laypred  germ. 
Fio.  6i, — C.  Fuui'lajcrud  gortn  (four  socoadarj  germ-la jctb). 
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Fio.  65. — D.  Th«  bodj^saTitjr  appeftn  between  ike  skin-lajer  Mid  the 
hitestinml  layer. 

Fio.  66. — E,  The  iiotocbord  appears  between  the  spinal  fiirruw  and  the 
intestine. 

Fio.  67. — F.  The  primitiTe  kidnejs  and  prinutiTe  TertebiSD  appear;  the 
a}*inal  tube  is  closed. 

Fio.  6b. — G.  The  mdiments  of  the  seznal  organs  appear  near  the  prinii* 
live  kidneys.  The  primitiTe  Tertebrss  surround  the  notocbord  and  the 
spinal  tube. 

Fio.  69. — ff.  The  main  blood-Tessels  appear  aboTe  and  below  the  intestine. 

The  letters  indicate  the  same  parts  in  all :  d,  the  intestinal  oaTity ;  dd, 
the  intestinal -glandular  layer;  dj,  the  intestinal -fibrous  layer;  9,  mesen- 
tery I  y,  female  germ-glands  (rudimentary  oTary)  ;  e,  malo  germ-glands 
(rudimentary  testes) ;  a,  aorta  (primitive  artery)  1  vd^  intestinal  Tein 
(primitiTe  rein) ;  vc,  cardinal  rein ;  cA,  notocbord ;  «mo,  primitive  vei^ 
vjbrai  ic,  rertobrBD;  rm^  dorsal  muscles;  6m,  rentral  muscles;  u,  primi* 
tive  kidneys ;  tn/,  spinal  furruw ;  mr,  spinal  tube ;  ^,  horn-plate.  In  all, 
the  four  secoodury  germ-layers  are  indicated  by  shading:  the  intestinal 
glandular  layer  (dd)  is  dotted.  The  iutestiuul- fibrous  layer  (d/)  is  per> 
peiidicularly  shaded.  The  tkin-fibrons  layer  (V)  i*  horixontally  shaded. 
The  skin-sensory  layer  (Ks)  is  back. 


be  kcnogcnetically  altered,  and  we  must  suppose  that 
the  conditions  were  originally  difTcrent  This  is  equally 
true  of  the  very  important  germ-history  of  this  lowest  Ver- 
tebrate. In  a  later  chapter  (XIV.)  we  shall  enter  into  the 
details  of  this.  Hei*e,  however,  we  may  base  our  argument 
on  this  germ-history  so  far  as  we  are  able,  from  a  com^xira- 
iivt  study  of  the  germination  of  the  various  Vertebrates,  to 
f<>rm  an  approximate  conception  of  the  course  of  individual 
evolution,  as  it  originally  occurred  in  the  oldest  and  8imple»t 
Vertebrates.  Only  after  we  have  gained  a  general  view  oi 
Ui'is,  can  we  turn  to  the  far  harder  task  of  tracing  the 
construction  of  the  mammalian  organism,  and  especially 
that  of  Man,  from  the  Gastrula! 

The  palingenetic  Bell-gastrula  of  the  Amphioxus  (Fig 
28,  p.  193)  aHbrds  a  safe  starting-point    A  aeries  of 
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grammatic  transverse  sections  through  those  germ-forma 
which  first  develop  from  the  Gastrula,  will  best  and  most 
easily  afford  us  the  desired  view.  (Cf.  Fig.  62-69,  and 
Plates  IV.,  V.)  In  the  first  place,  a  third  layer,  the  middle 
layer,  or  fibrous  layer  (mesoderma,  Fig.  63  rrib),  arises  be- 
tween the  two  primary  germ-layers  of  the  Oastrula  (Fig. 
62).  Then,  this  three-layered  stage  is  followed  by  one  in 
which  there  are  four  layers  (Fig.  64?).  As  we  have  already 
stated,  each  of  the  two  primary  germ-layers  probably 
originally  contributed  to  the  formation  of  the  middle  layer 
(meoodefi^raa),  although  it  is  usually  asserted  that  the  latter 
originates  from  one  only  of  the  former.  It  is  probable  that 
the  exoderm,  or  skin-layer  (e),  separated  into  the  skin- 
sensory  layer  (lis)  and  the  skin-fibrous  layer  (hf),  and 
correspondingly,  the  entoderm,  or  intestinal  layer,  into  the 
intestinal-fibrous  layer  (df)  and  the  intestinal -glandular 
layer  (dd). 

When  the  four  germ-layers  are  completed,  the  form  of 
the  Gastrula,  which  had  but  one  axis,  has  become  symme- 
trically bilateral  (cf.  p.  257).  In  consequence  of  the  body 
becoming  flat,  a  distinction  is  formed  between  the  dorsal 
and  ventral  sides,  between  the  right  and  the  left.  Parallel 
with  the  axis  of  length,  a  delicate  streak,  the  indication  of 
a  furrow,  appears  in  the  centre  of  the  dorsal  side.  The  side- 
walls  of  this  furrow,  which  is  called  the  "  spinal  furrow  " 
(?7i/),  rise  in  the  form  of  two  parallel  ledges  (Fig,  05  m/) ; 
these  are  the  spinal  swellings  (medullary  or  dorsal  swell- 
ings). Their  two  parallel  edges  bend  toward  each  other 
TFig.  66  mf)  and  finally  coalesce,  so  that  the  trench 
becomes  a  tube ;  this  is  the  spinal  tube  (Fig.  67  mr). 
Along  the  longitudinal  axis  of  the  body,  a  solid  cylindrical 
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eord  arises  between  the  spinal  tube  and  the  intestinal  tube  ; 
this  is  the  notochord,  or  cl)orda  (ch).  It  originates  from 
the  central  portion  of  the  skin-fibrous  layer,  while  the  side 
portions  of  tl)e  latter  supply  the  true  skin  and  the  great 
part  of  the  flesh.  This  flesh-mass  separates  into  the  doi'sal 
muscles  (Fig.  68,  69  rm)  and  the  ventral  muscles  (6m). 

The  separation  of  the  four  secondary  germ-layers  is 
followed  by  a  separation  between  the  skin-fibrous  layer  (hf) 
and  the  intestinal-fibrous  layer  (df).  Between  the  two, 
a  chink-like  cavity,  filled  with  fluid,  arises ;  this  is  tlie  true 
body-cavity  (cceloma.  Fig.  65-69  c).  The  intestinal  tube  lies 
freely  in  this,  being  only  supported  along  the  length  of  the 
notochord  by  a  band  of  the  intestinal-fibrous  layer,  which 
afterwards  extends  into  the  mesentery  (Fig.  68  g).  Two 
narrow  canals,  fillc  1  with  blood,  fonn  within  the  intestinal* 
fibrous  layer,  and  traverse  the  whole  length  of  the  intestine, 
one  passing  underneath,  and  the  other  above;  these  are  the 
first  blood-vessels.  The  upper  of  the  two  is  the  dorsal 
vessel  (Fig.  69  a),  the  latter  is  the  ventral  vessel  (vd) ;  the 
one  afterwards  gives  rise  to  the  aorta,  the  other  to  the 
intestinal  vein  and  the  heart 

Finally,  the  first  ruiliments  of  the  urinary  and  sexual 
glands  m-ke  their  appearance  on  either  side  of  the  in- 
testinal tube  and  the  noUxihord  attached  to  the  dorsal 
wall  of  the  body-cavity.  The  primitive  kidneys  (u)  re- 
semble two  narrow  canals,  travei-sing  the  body,  parallel 
to  the  notochord,  opening  at  the  anterior  end  into  the 
bcxly-cavity,  and  at  the  posterior  end  through  the  out(  r 
skin  (or  in  the  last  clminher  of  the  intestine).  Tin  v 
probably  originally  arose  a.s  skin -glands,  formed  by  an 
Inversion  of   the   akin-.**en.Miry    layer  (Fig.   66-68 u).       In 
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their  immediate  neighbourhood  are  the  sexual  organs,  in  the 
form  of  simple  heaps  of  cells,  which  are  attached  to  the 
body-wall,  near  the  mesentery.  Presumably,  they  originated 
as  hermaphrodite  glands,  the  female  gland  {y)  from  the 
inner,  the  male  gland  (a;)  from  the  outer  germ-layer.  The 
former  becomes  the  ovary,  the  latter  the  testes.  Simuir 
taneously  with  these  changes,  the  spinal  tube  has  completely 
detached  itself  from  its  original  site,  the  skin-sensory  layer, 
and  has  made  its  way  far  into  the  body.  A  sheath  has 
formed  round  the  notochord,  and  processes  from  this  "noto 
chord  sheath ''  grow  round  the  spinal  tube,  imbedding  it  ii 
a  vertebral  canal  (Fig.  68,  69  w). 

If,  for  a  moment,  we  leave  the  transverse  sections,  an< 
trace  the  evolution  of  the  primitive  Vertebrate  in  longi 
tudinal  sections,  we  see  that  at  a  very  early  period  the 
intestinal  tube  is  divided  into  a  gill-intestine  and  a  stomach- 
intestine,  in  consequence  of  the  appearance  of  gills  in  the 
anterior  portion.  The  primitive  mouth  of  the  Gastrula 
closes ;  the  two  permanent  openings  of  the  future  intestine 
arise  as  new  formations  from  the  exterior;  the  mouth  in 
front,  the  anus  behind.  Moreover,  the  outer  body-V^all 
becomes  articulated,  owing  to  the  fact  that  the  fleshy  mass 
of  the  trunk-muscles  assumes  the  foim  of  a  number  of 
similar,  consecutive  portions,  segments,  or  metamera.  In 
correspondence  with  these,  each  of  the  respective  portions 
of  the  nerve  and  vascular  systems  becomes  distinct 

The  following  processes  must,  therefore,  be  emphasized 
as  the  chief  acts  by  which  the  simple  Gastrula  changes  into 
the  typical  vertebrate  organism  :  1.  The  two  primary  gcrm- 
laycrs  part  by  fission  into  four  secondary  germ-layers. 
2.  The  Gastrula  becomes  flattened,  so  that,  instead  ot  a  form 
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with  a  single  axis,  it  assnmes  the  bilateral  vertebrate  form. 
•\.  The  body-cavity  (ccdoma)  arises,  in  consequence  of  the 
disconnection  of  the  skin-fibrous  layer  and  the  intestinal - 
fibrous  layer.  4.  Along  the  central  line  of  the  doi-sal 
mil  face  the  nerve-centre  appears  in  the  form  of  a  trench- 
shaped  furrow;  it  then  changes  into  the  spinal-tube  and 
completely  detaches  itself  from  the  skin-sensory  layer. 
5.  Immediately  below  the  spinal  tube,  Uie  notochord  origi- 
nates from  the  central  part  of  the  skin-fibrous  layer,  while 
the  side  parts  of  the  same  layer  form  the  true  skin  and  the 
trunk-muscles ;  the  latter  articulate  themselves  into  meta- 
mera.  6.  In  the  outer  stratum  of  the  intestinal  wall,  in 
the  intestinal-fibrous  layer,  originate  the  main  blood-vessels, 
a  dorsal  vessel  (aorta)  above  the  intestinal  tube,  and  a  ven- 
tral vessel  (primitive  vein)  below  the  latter.  7.  The  intes- 
tinal tube  separates  into  two  main  parts ;  the  gill-intestine 
in  front,  the  stomach-intestine  behind.  Several  gill-open- 
ings form  on  either  side  of  the  gill-intestine.  8.  The 
intestinal  tube  acquires  two  new  openings,  a  mouth  in  front, 
an  anus  behind  ;  the  original  primitive  mouth  of  the  Gas- 
infla  closes.  9.  Close  by  the  intestine  and  notochord,  and 
on  either  side  of  them,  arises  a  tube  which  separates  urine, 
and  which  opens  into  the  body-cavity  in  front,  outside  the 
body  in  the  rear  ;  this  is  the  primitive  kidney  canal. 
10.  Close  by  this  canal,  between  it  and  the  notochord,  develop 
the  rudiments  of  the  sexual  glands  (the  testes  and  ovary), 
in  the  form  of  roundish  cellular  masses,  which  penetrate 
^rum  the  wall  of  the  body -cavity  to  this  position  (the  un- 
defined boundary  of  the  skin-fibrous  layer  a.-id  the  intestinal- 
hiirous  layer).* 

Tlicse  chief,  fundamentAl,  and  palingenetic  acta  in  tlic 
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evolution  of  the  individual  the  assumption  of  which  in 
justified  by  the  comparative  germ-history  of  Vertebrates, 
re-occur  essentially  in  all  branches  of  this  tribe,  tliough  in 
single  cases  they  are  moi*e  or  lej>s  changed,  or  kcnogciicticalh 
modified.  In  their  simplest  and  earliest  form,  which  is 
certainly  mainly  palingenetic,  we  yet  find  theiii  in  the 
Amphioxus;  in  the  Round-mouths  (C^c/oij/onit),  Fishes,  and 
Amphibia  they  have  already  become  much  changed  and 
vitiated,  kenogenetically  transformed  ;  and  this  is  true 
in  a  much  greater  degree  of  the  three  higher  vertebi-ate 
classes,  Reptiles,  Birds,  and  Mammals.  In  these  the  gradual 
formation  of  a  very  large  nutritive  yelk  and  of  peculiar 
egg-membranes  has  introduced  so  many  changes,  or 
secondary  kenogcnetic  moflifications,  that  at  fiist  sight  it 
is  hardly  possible  to  recognize  the  primary  palingenetic 
incidents  of  evolution. 

In  these,  the  kenogenetic  relation  of  the  ^erm  to  the 
nutritive  yelk  is  especially  prominent,  and  till  (|uitc  recently 
caused  an  entirely  false  conception  of  the  first  and  most 
important  conditions  of  the  germ  of  the  higher  Vertebrates, 
introducing  many  false  views  as  to  the  Ontogeny  of  these. 
Previously,  the  germ-history  of  the  higher  Vertebiates  was 
univei-sally  based  on  the  view  that  the  fii-st  rudiment  of  the 
germ  b  a  flat  layer-shaped  disc ;  and  for  this  icason  the 
cell  strata  which  compose  the  germ  disc  (also  called  tlic 
genn  area)  were  called  "  geim-layers."  This  flat  gcriu-disc 
which  is  at  first  circular,  aftenvards  oval,  and  which  in  the 
hen's  egg  we  have  learned  to  call  the  tread  (claitricida), 
lies  at  a  particular  j)oint  on  the  outer  suiface  ol'  tlic  large 
globular  nutritive  yelk.  When  germination  begins,  tlie  flat 
genn-disc  r:rches  outwards  and  detaches   its  outer  surlacti 
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from  the  large  yclk-ball   which  lies  beneath  it.     The  flat 
layers  become  tubes,  in  couttcquencc  of  their  edges  inclining 
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towards  each  other  and  coalescing  (Fig.  70).  The  gemi 
growing  at  the  expense  of  the  nutritive  yelk,  the  latter 
continually  becomes  smaller;  it  is  completely  surrounded 
by  the  growth  of  the  germ-layei*s.  At  a  later  period  the 
remnant  of  the  nutritive  yelk  forms  only  a  small  globular 
sac,  the  yelk -sac,  or  navel-sac  (saccvs  viitclinus,  or  vesicuZa 
umhilicalis,  Fig.  70  ni).  This  is  sun*ounded  by  the  intes- 
tinal layer,  and  connected  with  the  central  portion  of  the 
intestinal  tube  by  a  thin  stalk,  the  yelk-duct  (ductus 
viteUinus),  and,  in  most  Vertebrates,  is  at  last  completely 
absorbed  by  the  intestinal  tube  (Fig.  70  H).  The  point  at 
which  this  hapi>ens,  and  at  which  the  intestine  finally 
closes,  is  the  intestinal  navel.  In  Mammals,  in  which  the 
remnant  of  the  yelk-sac  remains  outside  and  gradually 
dwindles,  the  yelk-duct  pierces  the  outer  ventral  wall  to  the 
last.  The  navel  cord  parts  at  bii*th  at  this  point,  which  per- 
manently remains  as  the  navel  (um6iZic as)  in  the  outer  skin. 

As  in  the  germ-history  of  the  higher  Vertebrates,  based 
chiefly  on  that  of  the  Chick,  the  distinction  between  the 
germ  (or  formative  yelk)  and  the  nutritive  yelk  (or  yelk 
sac)  has  up  to  the  present  time  been  regarded  as  original, 
the  flat,  leaf-shaped  rudiment  of  the  germ -disc  has  also 
necessarily  been  regarded  as  the  original  germ-form,  and 
the  greatest  weight  has  been  laid  on  the  fact  that  these 
flat  germ-layers  curve,  and  thus  become  hollow  trenches, 
and  that,  by  the  concrescence  of  their  edges,  they  become 
closed  tubes. 

This  view,  which  has  governed  all  past  expositions  of 
the  germ-history  of  the  higher  Vertebrates,  is,  I  am  con- 
vinced, entirely  false.  For  the  Gastnua  Theory,  the  full 
sififnificance  of  which  now  becomes  evident,  teaches  us  that 
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the  real  state  of  the  case  is  originally  just  the  opposite. 
The  Qastrula,  in  the  body-wall  of  which  the  two  primary 
germ-layers  appear  from  the  6rst  as  closed  tubes,  is  the 
original  germ  form  of  all  Vertebrates,  as  of  all  Invertebrate 
animals;  and  the  flat  germ-disc,  with  its  flatly  extended 
geiin-layers,  is  a  later,  secondary  germ-form,  which  arose 
in  consequence  of  the  kenogenetic  formation  of  the  large 
nutritive  yelk,  and  the  consequent  extension  of  the  germ- 
layers  over  the  surface  of  the  latter.'*  The  curving  of  these 
germ-layers,  which  actually  occurs,  and  their  coalescence 
into  tubes  is,  therefore,  not  original  and  primary,  but  a  much 
later,  tertiary  incident  of  evolution.  Accordingly,  the  three 
following  stages  of  germ-formation  must  be  dL-tinguished  in 
the  Phylogeny  of  Vertebrates : 


A.   Firflt  StAge  : 

Primarj 

(PaliDgenetic) 

Process  of  Germ- 

formation. 


Prom  the  first,  the 
germ-lajcrs  form  closed 
tabes. 

No  natritire  jelk. 


B.  Second  Stage : 
Seeondarj 
(Kenogenetic) 
Process  of  Gorm. 
formation. 


The  germ. layers 
spread  tbemseWes  oat 
in  the  form  of  a  leaf, 
in  consequence  of  the 
formation  of  a  large 
jclk.sao  from  the  con- 
tm  of  the  int<.*i>(iual 
tuba. 


C.  Third  Stage : 

Tertiarj 

(Kenogenetic) 

Process  of  Germ. 

furuiation. 

The  germ-Iajers  form 
a  flat  germ  disc,  the 
edges  of  which  incline 
toward  each  other,  and 
cor\lcsoe  into  n  closed 
tubeb 


If  this  view  is  correct,  and,  as  the  logical  conclusion 
from  the  Qastiica  Theory,  I  am  obliged  to  believe  it  is  so, 
then  the  explanation  of  the  process  as  at  present  accepted 
must  be  exactly  reversed.  The  yelk -sac  must  no  longer 
be  treated  as  though  it  were  originally  distinct  from  the 
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germ  or  embryo,  but  as  essentially  a  part  of  the  latter,  a 
part  of  its  intestinal  tube.  According  to  this  view,  the 
primitive  intestine  (protogaster)  of  the  Qastrula  of  the 
higher  animals  has  separated,  in  consequence  of  the  keno- 
genetic  formation  of  the  nutritive  yelk,  into  two  different 
parts:  the  afler-intestine  (metagaster)  or  the  permanent 
intestinal  canal,  and  the  yelk-sac  or  navel-vesicle. 

If  the  germ-histories  of  tlie  Amphioxus,  the  Frog,  the 
Chick,  and  the  Rabbit  are  comparatively  studied  (Plates  11^ 
III.),  I  am  convinced  that  tlierc  can  be  no  doubt  as  to  the 
correctness  of  this  view,  which  I  have  thus  explained.  In 
the  light  afforded  by  the  Gastnea  Theory  we  shall  regard 
the  structural  proportions  of  the  Amphioxus  alone  of  all 
Vertebrates,  as  original  and  but  slightly  varied  from  the 
palingenetic  germ-forms.  In  the  Frog  these  proportions  are 
on  the  whole  but  slightly  kenogenetically  altered.  In  the 
Chick,  on  the  contrary,  they  are  very  much  altered,  and 
most  of  all  in  the  Rabbit.  Both  in  the  Bell-irastrula  of  the 
Amphioxus  and  in  the  Hood-gastrula  of  the  Frog,  the  germ- 
layers  are  visible  from  the  first  in  the  form  of  closed  tubes 
(Plate  II.  Fig.  6,  11).  But,  on  the  other  hand,  the  em- 
bryonic Chick  (in  the  freshly -laid,  unincubated  egg)  appears 
in  the  form  of  a  flat,  circular  disc ;  it  was  only  quite 
recently  that  the  true  gastrula-character  of  this  germ -disc 
was  recognized  by  Rauber  and  Goctte.^*  This  Disc-gastrula 
grows  and  surrounds  the  huge  globular  yelk,  and  the  after- 
intestine  (nt^etagaster)  parts  off  from  the  ext<5mal  yelk-sac  ; 
in  these  two  procc&ses  all  that  is  diagram matically  repre- 
sented in  Fig.  70  is  accomplished ;  and  these  are  the  pro- 
cesses which  have  been  regarded  as  main  acts,  though  they 
are  in  reality  only  secondary  acta 
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In  HammalB  the  corresponding  gcrmin&l  processes  are 
very  complex  and  peculiar.  Till  quite  recently  they  were 
entirely  wrongly  explained ;  the  recently  published  researches 
of  Eduard  van  Beneden"  which  placed  them,  for  the  first 
time,  in  a  true  light,  enabled  us  to  bring  them  into  agree- 
ment with  the  principles  of  titc  Gastrsea  Theory,  and  to  trace 
their  relation  to  the  germination  of  the  lower  Vertebrates. 
Although  there  is  no  independent  nutritive  yelk,  distinct 
fix>m  the  formative  yelk,  in  the  mammalian  egg,  and 
although  the  cleavage  is  therefore  total,  a  large  yelk-sac 
arisee  from  the  embryo  which  in  produced  by  this  cleavage, 
and  the  true  germ  spreads  itself  in  a  layer-like  form  on  the 
surface  of  this  yelk -sac,  as  in  the  case  of  Reptiles  and  Birds, 
the  eggs  of  which  have  a  large  nutritive  yelk  and  undergo 
partial  cleavage.  As  in  the  latter,  the  flat,  leaf-shaped 
germ-disc  of  Uammals  detaches  iUelf  from  the  yelk-sac, 
its  walls  incline  towards  each  other  and  coalesce  into  tubea 

This  striking  contradiction  can  only  be  explained  as  a 
consequence  of  very  peculiar,  strange,  kenogenetic  modi- 
fications of  the  germ,  the  causes  of  which  are  not  yet  fully 
explained.  They  are  evidently  connected  with  the  fact 
that  the  ancestors  of  the  viviparous  Mammals  were  Amnion- 
animals,  which  laid  eggn,  and  which  only  gradually  became 
viviparous.  When  the  Hootl-gai^trula  (AmjihigastruUi)  of 
the  Mniiiinnl  is  complete  (Fig.  71),  it  changes  into  a  large 
globular  vesicle,  tilled  with  fluid.  According  to  Van 
Bencdon,  this  happens  in  the  following  way ;  The  Uastnila- 
mouth  disappeara  in  consequence  of  the  eDtoderm-oell  (o), 
which  formed  the  yelk-plug,  diaappearing  into  the  interior, 
to  the  other  cells  of  tfae  intestinal  layer  (d).  The  mam- 
malian germ  now  forma  a  solid  ball,  f"i"'"*j"g  of  a  quantity 
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of  dark,  iiiulttlatunil  entudoini-cells  (1),  and  covcixhI  Ity  a 
light-coloui'cd  glubulai'  inciiibi-aiio,  wliieli  is  (x)iii|>o.scd  of  a 
single  stratum  of  exodenn-cullti  {r^.  A  tranRj)an;nt  bright- 
coloured  liquid  now  collects  at  a  point  between  the  two 
gei-m-Iayers ;  and  this  increases  so  gi^eatly  tliat  it  expands 
the  exoderm  celluiar  membrane  into  a  large  globular  vasicle. 
The  mass  of  cntoderm-cells,  forming  a  .ball  of  smaller 
diameter,  remains  attached  to  one  point  of  the  exodeim; 
(according  to  Van  Benoden,  this  jMiint  is  that  of  the  yelk- 
plug,  6).  The  entoderm  mass  now  becomes  flattened,  Bi-st 
assuming  a  hemispherical,  then  a  lentil-shaped,  and  finally 
a  discoidal  form:  this  is  accomplished  by  a  movement 
among  the  cells,  which  Kprcatl  thi.'ni.selves  out  in  a  one- 
layered  circular  disc 


Fia.  71.— GftBtnila  of  a  Mam- 
mal {Amphiiia'trHla  of  a  lUbbit) 
in  lonKitndinal  scctiou  tlirongli 
thu  axis  :  p,  cKidnnn-cplU  (64, 
lightei'-oolourod  aiiil  nmnllur)  ;  t, 
entoderm -cells  (32,  dnrkrr  and 
larger) ;  d.  conlml  ciilodcrni-crlU, 
occupying;    thu    ]iriinitivi-    inttiB- 

dcrm-cellH,  {•liicgi'i);  tlip  prinii. 
tivo  inoiitli-o]Kiriint(  (tlic  j elk- 
plug  in  the  "aniiaot  Kiw™ni"), 


This  voRicular  condition  of  the  mainnmlian  germ  was 
det«'ctcfl  two  ceiituiii-N  ago  (l(i77)  by  Ri'giier  do  Oraaf  He 
diHCovoivd  smalt,  glulnilar,  triinsiuiix-nt  vosiclcs.  with  a 
double  mfmbrane,  lying  fiee  in  tlie  iitorus  of  a  Ilabbit  fnur 
days  after  im|)n>gnati(in.  But  Graaf's  statement  was  not 
accepted.     It  wa.s   not  till   JS27   that  tht'se  vesicles  were 
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rc-diHCOVcrcd  by  liacr;  Uuwc  of  tlic  It^ililiit  Wfiv  ftflcrwnr<ls 
more  minutely  <leHCi-il>cd  ]iy  liiHC'liolT,  in  ]fHl.  Tlicy  iimy 
l)c  fuunil  ill  t)iu  uUtum  (matrix)  nf  tlii:  liaMiil,  llie  l)<>g,  ami 
other  small  MammnU  witliiii  a  few  days  afUr  impre^iatini). 
The  ri|ie  mammalian  eggs,  having  left  the  ovary,  are  fer- 
tilize<l,  either  heiHS  or  in  the  uvidiiet,  by  the  active  K]H'rm- 
eelln  which  make  their  way  in.""  (On  the  uterus  and 
oviduct  cf  Chapter  XXV.)  Cleavage  ami  gastiulatitin 
lake  place  within  the  oviduct.  Either  while  the  mam- 
malian Gastrula  is  still  in  the  oviduct,  or  after  it  ha.s  enU'red 
the  uterus,  it  changes  into  the  globular  vettiele  which  in 
rcpresonted    in  Fig.  72    (the   surface)  and   in   Fig.  7:i  (in 


Fio.  7»      Intmrtirul  Btrni-TMiH"  {nailnr-iilif)  o(  a  Haliliil  lUir  ».-k-«IIM 
■■  (Jrni.-v.-.iHr,"  or  V'tr-la    t,(rt-f.Kf.-,-,ni>n.    ..f  ..It,..,    »nL..i>l,  n.  .■^l,-n.»l 

P(rK-niomt,nin.   {^Ji'.nV,„)  ;  l,,.kii.-liivfT  ('tml ,1,  r..r,i,i.,L'  11"-  »t>:\.-  «all  nf 

Ihn  iCFrni-yclk  vr«iclc;    c  h.Ti|i  of  itark  ci-IN,  fi.nii.iiB   il...   uil.-r.liiml  Iiij-.t 

Fin-  73'.     TV.    mniP   in  K<vli..n.     TW   l..|i..r.>   ;.-   in   F.v-Ti      ■'.  li-ll-w 
Hpacc  within  [he  inU.slinal  ([rrm-rpBi'lfi 

section).  The  thick.  exU'nial.struetunl<'s.s  meinlimiii-  wliieh 
surrouiidH  this  in  a  mixlificatinn  of  the  oiij-inal  einj-mem- 
brane    (zuiia  jjelhicidti.  p.   135),  with   the   addition  of  an 
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ulbuminous  stratum,  which  has  been  externally  deposited 
[n  future  we  ahaJI  call  this  membrane  the  outer  e^-niem- 
bmne,  the  primary  chorion  (^•ockorion,  a).  The  real  wall 
of  the  vesicle,  surrounded  by  this  outer  egg-membrane, 
consists  of  a  simple  layer  of  exoderm-cells  (ft),  which  have 
been  regularly  flattened  by  mutual  pressure,  and  most  of 
which  are  hexagonal;  a  light-coloured  kernel  is  visible 
through  their  finely  granulated  protoplasm  (Fig.  7*).     On  a 


Plo.  7+. — Fonr  oxodcrni-opllB  from   the   iaUiatiDal   genn-reaiole   o(   n 

Fic.  75.— Two  eDtoderm-cclU  from  the  same. 

point  on  the  inside  of  this  hollow  sphere  lies  a  circular  disc, 
formed  of  darker,  softer,  and  rounder  cells,  of  the  dark 
granulated  entoderm-cells  (Fig.  75). 

The  cliaracteristic  genn-form  in  which  the  developing 
Mammal  now  is  has  usually  been  called  the  "  gcnn-vesiele  " 
(KeimbUise,  Biachoflf) ;  the  "  sac-germ  "  (Baer) ;  the  "  vesi- 
cular embryo,"  or  the  " gerra-niembrano  vesicle"  {fesia.fta 
blaetodennica.  or,  briefly,  blustoapliwra).  The  wall  of  the 
hollow  sphere,  consisting  i>f  a  sinyle  cell-Htratum,  was  calle<l 
the  "  germ -membrane,'"  or  blastoderm,  and  it  was  Miijiposed 
to  be  et|uivalent  to  the  cell-stratum,  called  by  the  name 
name,  which  forms  tlie  wall  of  the  true  germ- membrane 
vesicle  {Blastula)  of  tlic  Amphioxus  (Plate  II.  Fig.  4),  and 
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of  many  Invertebrate  Animals  (e.g.  of  the  Monoxenia,  Fig. 
22,  F,  0).  This  true  germ-membrane  vesicle  has,  up  to  the 
present  time,  been  univeraally  regarded  as  homologous  with 
the  germ- vesicle  of  Mammals.  It  is  not  so,  however.  The 
so-called  "  germ-vesicle  "  of  Mammals  and  the  true  germ- 
membrane  vesicle  of  the  Amphioxus  and  of  many  Inverte- 
brates are  entirely  different  germ-forms.  The  latter  (the 
Blaatvla)  precedes  gastrulation.  The  former  (vesicula 
blaatodermica)  follows  gastrulation.  The  globular  wall  of 
the  blastula  is  a  true  germ-membrane  {Blastoderma),  and 
consists  entirely  of  cells  of  one  sort  (blastoderm-cells) ;  it 
is  not  yet  specialized  into  the  two  primary  germ-layera 
On  the  other  hand,  the  globular  wall  of  the  mammalian 
"  germ-vesicle "  is  the  specialized  skin-layer  (exoderma), 
and  a  circular  disc  of  entirely  different  cells  lies  at  a  [)oint 
on  the  inside  of  this ;  this  disc  is  the  intestinal  layer 
(entoderma).  The  spherical  cavity,  filled  with  clear  liquid, 
in  the  interior  of  the  blastula,  is  the  cleavage -cavity.  On 
the  other  hand,  the  similar  cavity  in  the  interior  of  the 
mammalian  germ-vesicle  is  the  yelk -sac  cavity,  which  is 
joined  on  to  the  developing  intestinal  cavity. 

On  all  these  grounds,  which  have  been  very  recently 
brought  to  light  by  the  researches  of  Van  Beneden,  it  is 
very  necessary  to  recognize  the  secondary  "  intestinal  germ- 
vesicle  **  of  Mammals  (Oaairocysiifi)  aj*  a  peculiar  germ-form, 
occurring  only  in  this  class  of  animals,  and  as  quite  distinct 
from  tlie  " genn-membrane  vesicle"  (BUislula)  of  the  Am- 
phioxus and  of  the  Invertebratea  The  wall  of  this  mam- 
malian "  intestinal  germ-vesicle  "  oonsi.sts  of  two  distinct 
partft.  Far  the  larger  part  is  one-layered,  and  is  formed  by 
the  exoderm.     For  the  smaller  part,  the  circular  disc*  which 
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is  foiined  of  both  primary  gcrra-laycrs,  we  will  adopt  Van 
Beneden's  name,  and  call  it  the  intestinal  germ-disc  (Gas- 
trodiscus). 

The  small,  circular,  dull  whitish  spot  which  lies  at  a 
particular  point  on  the  outer  surface  of  the  bright-coloured, 
transparent,  and  spherical  ''  intestinal  germ- vesicle,"  and 
which  is  the  "  intestinal  germ-disc  "  (Oastrodiacua),  has  long 
been  known  to  naturalists,  and  was  compared  with  the 
"  germ-disc  ^  of  Reptiles  and  Birds.  Sometimes,  therefore,  it 
was  called  the  "  germ-disc  "  (discus  blastodermicus),  some- 
times the  "embryonic  spot'*  (iache  embryonnaire),  but 
more  usually  the  germ-area  (area  germiTiaiiva).  The 
further  evolution  of  the  germ  proceeds  especially  from  this 
germ-area.  On  the  other  hand,  the  greater  part  of  the 
intestinal-germ-vesicle  of  Mammals  is  not  directly  employed 
in  the  fonnation  of  the  future  body,  but  in  the  formation  ol 
the  transitory  **  navel- vesicle."  The  embryo-body  pinches 
itself  off  from  the  latter  more  and  more,  in  proportion  as 
it  grows  and  develops  at  the  expense  of  the  latter ;  the 
two  become  no  longer  connected  except  by  the  yelk-duct 
(the  stalk  of  the  yelk-sac) ;  and  the  latter  forms  the  indirect 
communication  between  the  cavity  of  the  navel-vesicle  and 
the  intestinal  cavity  in  the  course  of  development  (Fig.  70). 

The  germ-area,  or  the  intestinal  gorm-disc  of  Mammals, 
originally  consists,  like  the  germ-disc  of  Birds,  merely  of 
the  two  primary  germ-layers,  each  of  which  is  formed  of  a 
single  cell-stratum.  Soon,  however,  a  third  cell-stratum,  the 
rudiment  of  the  middle  fibrous  layer  (mcscdcnna),  appears 
in  the  middle  of  the  circular  disc,  between  the  two  earlier 
strata.  According  to  most  observers,  the  mesoderm  arises 
trom  the  inner  primary  germ-layer ;  according  to  others,  on 
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the  contrary,  it  arines  from  the  o»U»r  of  the  t\vr»  ;'*^  lM)th  aix; 
probably  concerned  in  the  process.  The  luiddle  of  the 
germ-area,  or  genn-disc,  now  eonsisUt  of  three  gemi-layer8» 
while  the  circular  rim  consists  of  two ;  the  rest  of  the  wall 
of  the  intestinal  germ-vesicle  consists  only  of  a  single  germ- 
layer,  the  outer.    But  this  wall  also  now  becomes  two-layered. 


........o-^^^KS^^-SS-cTe^S^^^,^ 


Fio.  76. — Seoiion  through  the  germ. area  of  a  ICammal,  at  right  angles 
to  the  rarfaoe  (diagraottmatio) :  «,  ox<Hl(.Tin  (the  ninple  cell-Btratam  of  the 
akin-lajer)  ;  m,  meeoderm  (the  §eTcral  cell-ttratam  of  the  middle  layer) ; 
L,  entoderm  (the  simple  oell^tratnra  of  the  intestinal  lajer)  ;  k,  hollow 
c^riij  in  the  intestinal  germ.resicle. 

While,  in  the  centre  of  the  ^crm-area,  the  fibrous  layer 
becomes  greatly  thickened,  in  consequence  of  cell-grow^Ji, 
the  inner  genn-layer  simultaneously  extends  and  grows  in 
all  directions  from  the  edge  of  the  disc.  Everywhere  el(Ksely 
applieil  to  the  outer  germ-layer,  it  completely  overyr<»ws  the 
inner  surface  of  the  latter ;  it  covers  first  the  iipiwr,  and 
then  the  lower  hemisphere  of  the  inner  surface,  and  finally 
closes  in  the  centre  of  the  latter.  (CC  Fig.  77-Ml  )  The 
whole*  wall  of  the  intestinal  genn-vesicle  now,  therefore, 
consists  of  two  cvU-strata:  the  exotlenn  without,  the  ento<lerm 
within.  In  the  centre  only  of  the  circular  genn-dise.  wliich, 
in  conse<pience  of  the  excessive  growth  of  th<*  middle 
layer,  continually  incn»as«»s  in  thickness,  this  ^rnn-disc 
con.sists  nf  all  thive  j;**nn -layers.  Simultant'ously.  small 
structureless  knots,  or  warts,  secrete  theui.selves  on  the 
lurface   of  the   outer    egg-membrane   (prochorian),   which 
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Fid.  77.— Egg  from  tbo  ntenu  of  a  Rabbil  (4  mm.  id  diunietur).  The 
rerm  membrano  resicio  (b)  ha>  sliglilly  retreated  from  the  smooth  outer 
pi[K-membrftne  (jirothorinn,  a).  The  circniar  germ-aroa  (c)  ib  TiHible  in  the 
ocutro  of  the  gcrm-menibrane,  and  at  Ibe  edge  of  the  ttirtuGr  (at  <0  tbe  ion^tr 
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•trmtaiu  of  the  germ-Toaiole  is  alreftdj  beginning  to  extend.  (Fig.  77-81« 
after  Btscboff.) 

Fio.  78. — ^Tbe  Mune,  leeo  from  one  side.    The  letters  as  io  Fig.  77. 

Fio.  79. — Egg  from  the  atems  of  a  Rabbit  (6  mm.  in  diameter).  The 
germ -membrane  is  already  to  a  great  extent  doable-layered  (b).  The  ootec 
egg-membrane  (f>rochoriim)  beoomes  knotty,  or  warty  (a). 

Fio.  80. — The  same,  seen  from  one  side.    The  letters  as  in  Fig.  79. 

Fio.  81. — EIgg  from  the  atems  of  a  Rabbit  (8  mm.  in  diameter).  Nearly 
the  whole  of  the  germ-membrane  restiole  is  already  doable-layered  (b) ;  only 
below  (at  d)  there  is  still  only  ono  layer. 

has  raised  itself  from  the  intestinal  germ-vesicle  (Fig. 
79-81  a). 

We  need  not  at  present  pay  any  attention  either  to  this 
outer  egg-membrane  {prochorion)  or  to  the  larger  portion  of 
the  germ- vesicle,  and  may  turn  our  full  attention  to  the 
germ-area  (or  germ-disc).  For  it  is  in  this  part  alone  that 
the  important  modifications  which  result  in  the  specializa- 
tion of  the  earliest  organs  first  appear.  In  this  respect  it  is 
quite  immaterial  whether  we  examine  the  germ-area  of  a 
Biamroal  (e.g.  a  Rabbit),  the  germ-disc  of  a  Bird  or  a  Reptile 
(e.g.  a  Lizard  or  a  Tortoise).  For  in  all  members  of  the  three 
higher  vertebrate  classes,  all  called  Amnion-animals,  the 
germinal  processes  which  immediately  follow  are  essentially 
alike.  In  this  respect  Man  is  like  the  Rabbit,  the  Dog,  the 
Ox,  etc  ;  and  in  all  these  Mammals  the  germ-area  undergoes 
essentially  the  same  modifications  as  in  Birds  and  Reptiles. 
It  is  in  the  Chick  that  these  have  been  chiefly  and  most 
accurately  traced,  for  any  reiiuisite  number  of  incubated 
hen's  eggs,  in  all  stages,  can  always  be  obtained.  Within 
a  few  hours  from  the  beginning  of  incubation  the  cir- 
cular germ-disc  of  the  Chick  also  passes  from  a  two- 
layered  to  a  three-layered  stage,  in  consequence  of  the 
development  of  the  mesoderm  between  the  exoderm  and 
the  entoderm. 


2q6  the  evolution  of  man. 

The  first  modtficatioii  of  the  diacoidal,  three-layered 
germ-area  consists  in  the  ^t  that  the  cells  round  its  edge 
increase  more  rapidly,  and  accumulate  dark  granules  in  their 
protoplasm.     In  this  way  a  darker  ring  is  formed,  which  is 


Fio.  82. — Circntar  germ.srca  of  a  Kabbit,  dietipgniahcd  into  tbc  central, 
light-coloured  germ-area  (arm  pellutida),  aed  tho  peripheric  tlnrk  gcrm-aretl 
(a,  opaca).  A*  it  maksB  itself  viBible  through  the  dark  part,  the  area 
peltucida  appears  the  darker. 

Flo.  83.— Oval  germ-area  (a.  serminaliva).  The  dull  whitish  nrra  optica 
appears  un  the  outside. 

more  or  less  lUstinctly  marked  off  from  the  lighter  centre  of 
the  gonn-disc  (Fig-  82).  The  latter  we  shall  in  future  call 
the  light  germ-area  (area  peUucidu) ;  the  darker  ring  we 
shall  call  the  ilark  germ-area  (area  opaca).  (In  rcHucted 
light,  as  in  Fig,  82-84,  it  appears  reversed  ;  the  light  germ- 
area  appears  dark,  because  the  dark  ground  makes  itself 
seen  from  Mow;  the  dark  germ-area  appears  lighfajr  in 
compaii.son.)  Tlie  circular  form  of  the  gemi-area  changes 
to  an  elliptic,  and  immediately  afterwards  to  an  oval  form 
(Fig.  83).     One  end   apjtears  broader  and   more   abniptly 
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rounded  off,  llic  other  in  smaller  niiil  mure  ]ioiiitcil ;  tlie 
former  r«|iresentt  the  hinder  [Kntion  of  the  futuru  iMniy, 
The  chamctcristic  bilateral  form  of  the  Ixxly,  the  liistinc- 
tion  between  anterior  and  jwiHUirior,  between  riyht  and 
left,  is  tints  already  indicated 

In  the  centre  of  the  light  jjenn-area  a  dnil-culonred, 
lai^,  oval  H[wt  now  a]>)>carH;  at  first  it  is  very  delicate  and 
hardly  noticeable,  it  soon  however  l)ecoincn  more  sharply 
distinguished,  and  |irvscntly  a{){ieai-H  an  an  uval  uhield, 
Hiirrounded  by  two  rings  (Fig.  84).     The  inner,  lighter  ring 


genndiic  of  ■  l(abb[C  {abuut 
Md  timiia  maiinified) .  A* 
the  ili-licBtc,  liair.lruui|iar<.'iit 
KermdiK:  Iim  on  black 
gronnd,  tho  light  gcrm-kraa 
■ppvan  u  a  darker  ritif;,  the 
dark  Kcrm-arpn  (ailnaUHl  on 
tho  cmtBido),  on  the  cnntrar;, 
an   a    whilo   rinn-    The    oral 

apppsM 


■Ion 


tho  dnrk 


■  piiin 


turr..w 

(Aftvr  IliH'lioir.) 

is  the  iviimant  of  the 
light  i^Tiii-area ;  the 
onter,  darker  tin;;  is 
the  ilark  gerni-nrca ;  but  the  diill-coloun.-<l  Mhield-sha|>ed 
HjMit  iLsilf  is  the  first  nidinient  of  the  dorsal  |wirti(m 
of  the  embryo.  We  wilt  .-all  it  l.ri-rty  the  "  jp-nii-shield  " 
{,utt<i>'l>iH**  l^-tnak  calh-<l  it  the  "doubh- xliield,"  lieeanse 
it  arisi's  fiimi  a  shield-sha|>cd  ihiokenin;;  <if  the  outer  ami  the 
middle  genn-layem.      In   most  buuki;   this   germ-tihield    is 
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spoken  of  ae  the  "  first  germ-rudiment  or  embryonic  rudi- 
ment," as  the  "  primitive  germ,"  or  "  the  first  trace  of  the 
embryo."  But  these  designations,  which  are  based  on  the 
authority  of  Baer  and  Bischoff,  are  incorrect.  For  in  reality 
the  germ  or  embryo  already  exists  in  the  parent-cell,  in  the 
Qastrula,  aod  in  all  the  subsequent  gcrm-stagea.  The  germ- 
shield  is  merely  the  earliest  rudiment  of  that  dorsal  part 
which  first  becomes  defined. 


rea  or  girm-diBO  of  a.  Rabbit,  with  a  solo-Bhappd  Rprin. 
shield  (nbont  ton  timeit  snlargwi).  The  IlRht,  circular  tract  (d)  in  the  dark 
nrea  (a.  opaca).  The  lijjht  area  (a.  pelluci-ki)  (c)  id  Ivre-Bhapod,  ne  in  Iho 
germ-Bhield  itaelt  (6).  Along  its  aiis  tba  donal  tomiw  or  Hpinal  fnrr.iw  (a) 
is  eoen.     (After  Biachoff.) 

Fto.  86.— Sole-ahaped  p>rmjihield  of  a  Dog  ("dirable  shield  "  of  RcmaV, 
"embryo-mdimcDt  "  i.t  other  authors)  In  tho  centre  ia  the  dursul  rariow, 
on  either  side  are  the  spinal  Bwellingii,  or  niadallBry  swellinRS. 

PlO.  87.— Sole-Blmpud  germ-shield  of  Chick. 

After  the  oval  genn-sliidd  Iia-s  become  distinctly  defined, 
in  the  centre  of  the  light  germ-area,  along  its  ccntnil  line 
a  delicate,  white  streak  appears,  which  soon  becoinuii  pro- 
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miment;  this  is  the  "primitive  streak"  of  Baer,  the  ''axial 
plate"  of  Romak.  This  phenomenon  is  due  to  the  fact  that 
the  upper  and  middle  germ-layers  coalesce  along  their 
central  lines,  thus  forming  the  axis-band  at  this  point. 
(Cf.  Fig.  88,  89)  In  the  centre  of  the  primitive  streak  an 
even,  dark  line,  the  so-called  primitive  groove,  becomes 
defined  (Fig.  84, 85,  a).  This  separates  the  germ-shield  into 
two  symmetrical  halves,  a  right  and  a  left  half  While  the 
primitive  groove  deepens,  the  oval  germ-area  (a.  germina- 
tiva)  resumes  its  earlier  circular  form. 

The  germ-shield,  on  the  other  hand,  leaves  its  oval 
form  and  assumes  the  so-called  lyre-shape,  or  sole-shape. 
Its  elliptical  leaf-shaped  body  becomes  somewhat  pinched 
in  the  middle,  while  its  anterior  and  posterior  ends  become 
somewhat  enlarged  (Fig.  85)  This  very  characteristic 
shape,  which  is  most  aptly  compared  to  the  sole  of  a  shoe, 
a  violin,  or  a  lyre,  is  retained  for  some  time  by  the  embryo 
of  the  Mammal  (Fig.  86,  87),  and  also  by  that  of  the  Bird 
and  the  lleptile.  The  human  germ-shield  assumes  this  sole- 
form  as  early  as  the  second  week  of  its  developmenL 
Towards  the  end  of  that  week  its  length  is  about  two 
millimctrea 

We  will  now  leave  the  peripheric  part  of  the  germ- 
area,  for  its  changes  are  only  interesting  to  us  at  a  much 
later  period,  and  we  will  give  our  whole  ntt4'iition  to 
the  sole-shaped  germ-shield,  from  which  the  further  evolu 
tion  of  the  lK)dy  directly  proceeds.  In  onler  correctly  t<i 
understand  this,  we  must  employ  a  methotl  which  was  first 
turned  to  full  account  by  Kemak,  viz.,  that  of  viewing 
sections  made  from  right  to  left  perpendicularly  through  the 

thin  disc  of  the  germ-shield.     It  is  only  by  very  carefully 
22 
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studying  these  sections,  one  by  one,  in  every  stage  of  the 
evolution,  that  it  is  possible  fully  to  understand  Uie  pro> 
cesses  by  which  the  exceedingly  complex  structure  of  the 
vertebrate  body  is  developed  from  the  simple  leaf-sliaped 
germ-shield. 

If  we  now  make  a  peipcndicular  section  through  the 
sole-shaped  germ-shield  (Fig.  86,  87),  the  first  thing  wo 
notice  is  the  difference  between  the  three  germ-layers,  as 
they  lie  one  over  the  other  (Fig.  88).  The  germ-shield  con- 
sists, as  it  were,  of  three  shoe-soles  overlying  each  other. 
The  undermost^  or  innermost,  of  these  (the  intestinal-gland- 
ular layer)  is  the  thinnest  stratum,  and  consists  of  a  single 
layer  of  cells  (Fig.  88  d).  The  middle  of  these  shoe-shaped 
bodies  (the  mesodenn)  is  considerably  thicker  and  more  or 
less  evidently  appeara  to  be  com|)osed  of  two  closely  con- 
nected layers.     The  third  and  uppeimost,  or  outermost  sole- 


yiiniiHMiimii 


Pio.  88. — Transvorso  section  thronprh  the  jarerm-'lisc  of  a  Chick  (a  few 
hours  after  the  beginning  of  incubation)  :  h,  skin-sensory  layer;  tn,  skin- 
fibrous  layer;  /,  intestinal-fibix)iis  layer  (the  two  latter  are  united  into  tho 
nii<hUe-layer,  or  mesoderm) ;  i/.  intestinal-glandular  layer.  All  tl>o  four 
secondary  germ-layors  have  cojdesced  in  the  niid<lle  and  fn)nj  the  thick 
axis-lmnd  (ly);  n,  firyt  trace  of  the  piimitive  groove;  ti,  region  of  tho 
future  primitive  kidney  rudiment.     (After  Waldeyer.^ 


shai)cd  body  (h\  is  tluj  skin-sonsory  layer,  and  consists  of 
smaller  and  lighter-coloured  cells.  In  the  middle  of  the 
transverse  section.  aAoncr  a  considerable  part  of  the  longi- 


UTTERCHANQE  OF  CELLS  BETWEEN  THE  TWO  OERH-I.A  VERS.  30[ 

tudinal  axis  of  the  sole,  all  three  soles  coaloncc,  and  here  form 
the  thick  axial  band  (Fig.  88,  xy).  This  coalfscencc  is  very 
Higniticant  It  causea  an  exchange  of  cells  Ijetwcen  the 
primary  germ-layers.  These  cells  move,  alter  their  [lusition, 
and  multiply,  su  that  exodenn-oells  pencti'ate  amcmg  the 
entoderm -cells,  and  cntodenn-ccUs  among  those  of  the  cxo- 
derm.  The  middle  layer,  or  mesoderm,  therefore,  contains 
cells  from  both  of  the  two  primary  germ-layers.  Even 
if  Romaic's  explanation,  accoitling  to  which  the  mesoderm 
is  originally  split  off  from  the  entoderm,  is  correct,  in 
consequence  of  tho  ooale.sconce  at  the  central  {>nint.  cxo- 
derm  cells  may  also  aflerwanls  make  thoir  way  into  the 
mesoderm.  The  fibrous  layer  indeed  soon  plainly  shows 
that  it  is  composed  •of  two  different  strata;  the  <mtfr, 
which,  phylogenetically,  must  be  rcfentid  to  the  Bkin-layor, 
and  the  inner,  which  must  be  referred  Ui  the  inttstinal 
layer.  Tho  outer  is  tho  rudiment  of  the  skin-fibniiis  lajer 
(Fig.  88,  ni,H9,  ih)  ;  the  inner  becomes  the  intestinal -til  irons 
layer  (Fig.  8H,  /  89,  /).  Soon  after  the  coalescence  of  tho 
germ-layers  in  the  axial  portion  of  the  genn-shield  has 
taken  place,  and  tho  cells  have  Wen  exelianged,  the  small 
rectilineal  primitive  groove  (Fig.  8i),  n)  becfimes  visible  in 


F»..  Kt.-Tnntrme  uM[od  IbrooKh  Iho  (fenn..hicld  of  a  fTiick  (in  a 

•to|»  mlhcr  laWr  thao  in  fig.  HH).     The  l.-u.-r.  i™ic  iho  m,,.^  f„nM  a. 

in  Fiy.  88.     Id  the  nhMki  of  tho  aii.4«nd  (,l  tba  f  korJo  d<niaUt  or  noto- 
ohcrd,  twoMoM  deOaod  (a).     (Afirr  Waldeyer.) 
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the  central  line  of  the  outer  surface.  On  each  side  of  this, 
the  dorsal  swellings  rise  in  the  form  of  low  ridges.  In  the 
centre  of  the  lower  side  of  the  primitive  groove  a  cylin- 
drical band  separates  itself  from  the  cell-mass  of  the  thick 
axis-band ;  this,  which  in  transverse  section  appears 
roundish,  is  the  first  rudiment  of  the  notochord  (chorda 
doraalis,  x).  The  four  secondary  layers  separate  more  and 
more  distinctly.  The  intestinal-fibrous  layer  {f)  appears 
as  the  product  of  the  intestinal-glandular  layer  (c2),  and 
distinct  from  the  skin-fibrous  layer  (m),  which  arises  from 
the  skin-sensory  layer  (li). 


Pig.  90. — Transverse  section  tbrongh  the  j^erm-shiold  of  an  incnbated 
Chick  (about  the  end  of  the  first  day) ;  about  100  times  the  natural  size. 
The  skin-sensory  layer  (the  outer  gerin-layer)  separates  into  two  different 
parts  :  (1)  the  thinner,  peripheric  horn-plato  (fc),  from  which  the  outer  skin 
with  its  appendages  arises;  (2)  the  thicker,  axial  spinal  plate  (m),  which 
gives  rise  to  the  spinal  tube  (tubus  medullarU) ;  this  originates  from  the 
dorsal  furrow  (f2/),  the  deepest  part  of  which  forms  the  primitive  groove 
{Pv).  The  boundaries  between  the  spinal  plate  (m)  and  the  horu-plate  (A) 
form  the  prominent,  parallel  dorsal  swellings.  The  mirldio  gorm-Uiyor,  the 
compound  fibrous  layer  (the  "  motor-germi native  *'),  is  already  distinguished 
into  the  notochord  (ch)  and  the  two  side-layers  (sp).  The  inner  jwrtion  of 
tliese  side-plates  soon  becomes  defined  as  the  primitive  vertebral  band 
(uwp).  The  tiny  fissure  in  the  side- plates  is  the  first  rudiment  of  the 
future  body-cavity  (uv'h).  The  inner  germ-layer  (the  intestinal-glandular 
layer)  (dd)  is  not  yet  modified.     (After  KOlliker.) 

The  primitive  groove  (Fig.  00  Pv)  soon  becomes  con- 
siderably deeper  and  so  fashioned  as  to  constitute  the  bed 
of  the  broader  spinal  furrow  (medullary  or  dorsal  furrow) 
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^Rj).  On  both  sides  of  this  rise  the  two  ]>arallel  dorsal 
swellings,  or  spinal  swellings  (m).  At  the  same  time  the 
central  notochord,  or  chorda  darBolis  (Fig.  90  ch),  separates 
entirely  and  definitely  from  the  two  lateral  portions  of  the 
mesoderm.  These  we  will  henceforth  regard  as  side-layen 
(sp)  in  reference  to  the  axial  chord.  They  are  usually 
called  side-plates.  In  the  middle  of  each  of  these  side- 
layers  a  horizontal  fissure  appears,  where  the  upper  or  outer 
skin- fibrous  layer  separates  from  the  lower  or  inner  intestinal- 
iibrous  layer.  This  fissure  (Fig.  90  uwh)  is  very  significant, 
for  it  represents  the  first  rudiment  of  the  future  body- 
cavity  (ccdama).    (C£  Plate  IV.  Fig.  2,  c  and  3,  c) 

In  speaking  of  these  side-layers,  which  are  usually 
called  "  side-plates/'  I  would  say  a  word  or  two  about 
those  figurative  expressions  "layers"  and  ''plates,*'  which 
have  been  universally  employed  since  Baers  time.  The 
"  layers  "  (UimiruB),  as  well  as  the  "  plates "  (lamdlcB),  are 
leaf-like  or  plate-shaped  bodies  originally  consisting  of  a 
single  homogeneous  cellular  stratum,  or  of  several  lying  one 
above  the  other,  and  constituting  the  first  basis  of  the 
organic  systems  and  of  the  organs  of  the  body.  But  the 
language  of  Ontogeny  distinguishes  considerably  between 
a  layer,  or  leaf  {lamiiia),  and  a  plate  (lamella).  The  first 
and  >ldest  cell-layers  of  the  germ,  whicli  overspread  the 
whole  get  in,  and  form  the  first  basis  of  whole  organ-systems, 
are  layers,  or  leaves  (lamiruB).  On  the  other  hand,  the 
term  plates  {lamelkB)  is  applied  to  separate  portions  of  the 
layers,  or  leaves,  and  to  the  cellular  strata  produced  from 
the  latter,  which  only  belong  to  a  part  of  the  germ  and 
serve  to  form  single  organs  of  variable  size. 

Of  course    this   distinction  is   by   no   means  sharply 
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drawn :  thus,  for  instance,  the  two  middle,  secondary  germ* 
layers  are  usually  called  the  skin-fibre  plate  and  the  intes« 
tinal-fibre  plate  (instead  of  layers,  or  leaves).  Conversely, 
the  horn-plate  (which  is  a  portion  of  the  skin-sensory 
layer)  is  usually  called  the  horn-layer,  or  leaf  As  far  as 
possible  we  shall,  however,  maintain  this  important  distinc- 
tion :  we  shall  only  use  the  term  layers,  or  leaves,  of  the 
two  primary,  and  the  four  secondary  germ-layers ;  naturally, 
however,  we  must  speak  of  the  side-plates  as  side-layers,  or 
leaves,  as  they  first  originate  by  a  coalescence  of  the  two 
primary  germ-layers.  On  the  other  hand,  we  shall  speak 
of  the  so-called  horn-layer  and  of  all  the  layer-like  rudi- 
mentary organs,  which  are  split  off  or  differentiated  from 
the  four  layers,  or  leaves,  as  plates;  e.g,  the  muscle-plate, 
etc. 

After  the  chorda  has  entirely  separated  from  the  two 
side-layera,  a  portion,  in  the  shape  of  a  long,  thick  cord, 
breaks  off,  in  the  posterior  portion  of  the  germ-shield,  from 
the  inner  edge  of  each  of  the  side-layers  (Fig.  90,  uwp,  91,  u). 
We  will  call  this  the  primitive  vertebral  plate,  or  better, 
the  primitive  veiiebral  cord,  for  it  afterwards  develops  into 


Fig.  91. — Tniusverso  section  throagh  the  ^crm-shield  of  a  Chick  (at  tho 
ond  of  the  fii-st  day),  rather  more  developed  than  in  Fig.  90;  about  twenty 
times  the  natural  size.  The  two  edges  of  the  spinal  plate  (m),  which,  as 
spinal  swellings  («'),  separate  the  latter  plate  from  th(?  hom-plato  (h),  incline 
towards  each  other.  On  both  sides  of  tho  notochord  (ch)  the  inner  portion 
of  the  side-layers  (ii)  has  separated  itself  as  a  primitive  vertebral  band 
fnmi  the  outer  jwrtion.  The  intestinal  .glandular  layer  (<l)  is  not  yet 
modified.     (After  llemak.) 
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the  primitive  voriebrse  and  the  neighbouring  paiia  It  form8 
the  first  rudiment  ot  the  individual  segments  of  the  verte- 
bral colunm,  the  primitive  vertebras.  At  a  later  period  these 
primitive  vertebrae  become  very  closely  connected  with  the 
chorda  dorsalis  which  they  surround,  and  this  whole  axis- 
mass  then  develops  into  the  vertebral  column,  which  is 
afterwards  ailiculated  in  so  many  complex  waya  The 
peripheral  parts  of  the  two  side-layers,  which  remain  after 
the  separation  of  the  primitive  vertebral  cord,  are  hence- 
forth called  the  side-plates  (lamell<B),  the  term  being  thus 
used  in  its  restricted  sense.  They  develop  into  the  two 
fibrous  layers,  which  have  already  been  mentioned.  In  the 
anterior  half  of  the  germ-«hield^  representing  the  future 
head,  there  is  no  separation  between  the  inner  primitive 
vertebral  mass  and  the  outer  side-layers. 

During  these  processes,  this  intestinal-glandular  layer, 
the  inner  germ-layer,  remains  quite  unaltered;  no  separations 
are  to  be  seen  in  it  (Figs.  90,  dd,  91,  d).  The  changes,  there- 
fore,  which  take  place  at  this  period  in  the  skin-sensory 
layer,  the  outer  germ-layer,  are  all  the  more  remarkable.  The 
continuous  elevation  and  growth  of  the  dorsal  swellings  tends 
to  make  tlie  upper,  free  margins  of  these  prominent  ridges 
incline  towards  each  other,  and  as  they  continually  ap- 
proach each  other  (Fig.  91,  w),  they  finally  coalesce.  Thus 
the  open  dorsal  furrow,  the  separation  at  the  top  of  which 
grows  narrower  and  narrower,  is  transformed  into  a  closed 
cylindrical  tube  (Fig.  92,  mr).  This  tube  is  of  the  gieatest 
importance,  for  it  is  the  first  basis  of  the  central  nervous 
system — the  brain  and  spinal  cord.  This  rudiment  is  called 
the  medullary  tube  {tubus  meduUai^s).  Formerly  this  fact 
was  regarded  with  wonder  as  an  inexplicable  enigma^  but 
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the  Theory  of  Deacent  explains  it  as  but  a  perfectly  natural 
proceSB.  It  is  quite  natural  that  the  central  nervous  system, 
the  organ  by  which  all  intercourse  with  the  outer  world, 
all  mental  activities,  and  all  sensory  perception  arc  ■accoin- 
pliahed,  should  be  developed  by  detachment  from  the  outer 
skin  {epidermis).  At  a  later  stage  the  medullary  tube 
separates  entirely  from  the  outer  germ-layer,  is  surrounded 
by  Uie  primitive  vertebrsc,  and  is  forced  inwards.  From  this 
time,  the  remaining  portion  of  the  skin-sensory  layer  (Fig. 
92  k),  is  called  the  bom-plate  or  "  hom-layer,"  because  the 


J  — 


Fra.  92.— Transverao  lection  through  the  gorm-shield  of  b  Chick  (BecoTiiI 
liny  lit  incubation)  ;  about  100  timei  tho  natural  sizo.  In  the  out«r  ^rm- 
Injor,  the  axial  dorsal  funuw,  havinj;  comjilptelj  closed,  foiins  the  Gpinal 
tnbo  (mr),  sod  has  pinched  itself  off  from  the  bom-plate  (Ji).  In  the  middle 
K.TOi-layor,  the  aiial  notochord  (eh)  a  entirely  separated  fi'um  the  primitive 
vei-tPbral  bands  (iiw),  in  the  interior  of  which  a  transitory  carity  (uivh) 
nftcrirarda  forms.  The  side-layers  have  split  into  the  out^r  skin-fibmuK- 
Inycr  {hpl)  and  tlio  inner  intestinal- Hbrous  layer  (il/),  the  two  being  still 
connected  by  the  middle  plates  {mfi).  The  fisfio™  (sji)  between  thp  two  is 
[ho  first  rudiment  of  the  body -cavity  (winmo).  In  (he  pip  bctwfcn  the 
primitive  vertebral  bands  anil  tlie  siilo-liiycni,  on  citlior  side,  is  tlio  (.rimitive 
kidiic)'  {in-j),  and  uu  the  inside  the  primitive  artery  (ao).    (After  Kotliki^r.) 


outor  skin  {fqAdet-mis),  with   its  homy  appendages — nails, 
hair,  etc. — develops  from  it.     (Cf  Plates  IV.  and  V.) 

At  a  very  early  period,  in  addition  to  the  ccntml  nervous 
system  another  or  wiiolly  difibront  organ  is  seen  to  arise 
fi-oin  the  outer  akin  ;  this  is  the  primitive  kidney,  which 
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accomplishes  the  excretory  functions  of  the  body,  and  se- 
cretes the  urine  of  the  embryo.  The  primitive  kidney 
originally  consists  of  an  entirely  simple,  tubular,  elongated 
passage,  a  straight  duct  situated  on  each  side  of  the  ventral 
aspect  of  the  primitive  vertebral ,  cord,  running  from  an 
anterior  to  a  posterior  direction  (Fig.  92,  ung).  It 
apparently  arises  from  the  horn-plate,  and  at  the  side 
of  the  medullary  tube  (spinal  tube),  in  the  space  between 
the  primitive  vertebral  cord  and  the  side-plates.  Even 
while  the  medullary  tube  is  separating  from  the  hoiTi-layer, 
the  primitive  kidney  is  visible  in  this  gap.  Some  authors, 
however,  hold  that  the  first  rudiment  of  the  primitive 
kidney  is  not  furnished  by  Uie  skin-sensory  layer,  but  by 
the  skin-fibrous  layer. 

While  the  skin-sensory  layer  is  thus  splitting  up  into 
the  bom-plate,  the  spinal  tube,  and  the  primitive  kidneys, 
the  mesoderm,  or  fibrous  layer,  also  separates  into  three  por- 
tions, viz.:  (1)  the  notochord  in  the  central  line  of  the  germ- 
shield  (Fig.  92,  ch) ;  (2)  the  primitive  vei-tebral  bands  on 
each  side  of  the  notochord  (uw)\  and  (3)  the  side-layers  which 
separate  from  the  exterior  of  primitive  vertebral  bands. 
These  side-layers  still  show  the  original  separation  of  the 
middle  germ-layer  into  the  outer  skin-muscle  layer  (or  skin- 
fibrous  layer,  hpC),  and  the  inner  intestinal-muscle  layer 
(or  intestinal-fibrous  layer,  df).  The  point  of  union  of  the 
two  fibrous  layers  is  called  the  middle  plate,  or  mesentery- 
plate  {mp).  The  narrow  fissure  («p),  or  empty  space 
which  arises  between  the  two  fibrous  layers,  is  the  first 
nidiment  of  the  body-cavity  (cce/onui),  tlie  great  visceral 
cavity,  in  which  the  heart,  lungs,  intestines,  etc,,  are  after- 
wards situated.     In  Mammals  this  is  separated,  at  a  latei 
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period,  into  two  distinct  cavities  by  the  formation  of  th« 
diaphmgm ;  these  are  the  chest,  or  thoracic  cavity,  and  the 
abdominal  cavity.  Immediately  beldw  the  mesentery-plate, 
in  the  gap  between  the  intestinal-glandular  layer,  the  in- 
testinal-fibrous layer,  and  the  primitive  vertebral  bands, 
another  organ  appcai-s  at  an  early  stage,  in  the  form  of  a 
tube  with  a  thin  wall  (Fig.  92,  ao).  This  is  the  first  rudi- 
ment of  a  lai^gc  blood-vessel,  the  primitive  ai'tcry,  or  aorta. 
It  arises  by  iis^iou  fix)m  the  intestinal-fibrous  layer. 

During  these  processes  the  inner  germ-layer,  the  intes- 
tinal-glandular layer  (Fig.  92,  df),  remains  quite  unalter^, 
and  it  is  only  somewhat  later  that  it  begins  to  show  a  very 
tihallow,  channel-like  depression  along  the  central  line  of  the 
germ-shield,  immediately  below  the  notochord.  This  is  the 
intestinal  channel,  or  intestinal  furrow,  and  it  already  indi- 
cates the  future  destination  of  this  germ-Iaycr.  For  as  the 
intestinal  channel  gradually  deepens,  and  its  lower  edges 
bend  towards  one  another,  it  assumes  the  form  of  a  closed 
tube,  the  intestinal  tube,  precisely  as  the  dorsal  furrow 
became  the  spinal  or  medullary  tube  (Fig.  92).  The  in- 
testinal-fibrous layer  (/),  which  lies  on  the  intestinal-glan- 
dular layer  (rf),  natui-ally  follows  the  curve  of  the  latter. 
Thus  f 'om  the  time  when  it  first  begins  to  develop,  the 
intestinal  wall  is  composed  of  two  strata,  internally  ol 
the  intestinal-glandular  layer,  extei'nally  of  the  intestinal- 
fibrous  layer. 

The  formation  of  the  intestinal  tube  is  so  far  similar  to 
that  of  the  spinal  tube,  that  in  both  cases  a  rectilineal  trench, 
or  furrow,  first  appears  along  the  central  line  of  a  flat  germ- 
layer.  The  edges  of  this  furrow  then  incline  towards  each 
other,  and  by  coalescence  form  a  tube  (Fig.  03).     But  the 
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two  proceexcs  are  in  reality  quite  different.     For  the  .spinal 
tube  closes  aioug  throughout  its  cntiro  length  ioto  a  cylin- 


Fio.  S3.— Tttrre  diagnmtnKUc  tninirDno  tectioni  tbronxb  the  g«rm- 
•hiald  of  n  highfT  Vertebrate,  ihowinit  the  ori^o  of  the  Inbalsr  rodimetitkrf 
orgnni  frum  tlio  bent  ftprm-lajen.  la  Fi)(.  A  tho  ipiual  (uIh?  (n)  uid  the 
iiiUxtinnl  tube  (n)  arc  still  open  trench™ ;  the  pnmilivp  kidneyii  (ii)  arc  itill 
■implo  iik.n->;liiii<la.  In  Fi|;,  h  Ihe  ■pinnl  tabe  (h)  nnd  Ihe  donml  wall  hkrs 
ulrnulr  rbMd.  whjln  th^  intpatinal  tabe  (a)  ud  ihp  trnlral  wall  arc  bIIII 
open  ;  the  primilii'i!  kiilneja  arc  pinched  off.  In  Pir.  C  liolh  lhi>  (pinal  tube 
with  tho  duraal  wall  aborc,  and  the  intflatinal  tube  *iih  thp  TVtitnl  wall 
below,  are  cln>«l.  All  the  open  trenche)  have  bwwmo  clcnod  label  i  the 
primitiTe  kidneji  have  pcnelrKted  into  ihe  inlprior  In  all  Ihrre  fiipim  Ibe 
letlpn  inilicnto  tho  mmn  jiarta :  A,  akin-nenmrr  tajw";  ",  «pinal  tohe,  or 
medullHry  lulm;  u,  priniiliro  kidncjRi  r,  nnlnrbnTi) ;  i,  nrtebral  rodiiDoDlai 
r.dorml  wnll;  b,  Tinlral  wall  1  r,  buHj-cavilv  (CrtniMa);  /.  mtiiiliiuil-libruaa 
lajer;  t,  primitive  orliTjr  i(Hr(a) ;  r.  primiiive  reio  (iiil.-ilinul  v.-iti)  ;  J, 
inteatinal-Kliitiiiulnr  l^jer  ;  a,  intatiual  lubo.      (Cf.  Ilair*  IV.  an.l  V.) 


drieal  ttilie,  while  the  intestinal  tube  reinuiii.s  ii)K-n  in  the 
iiiiditle.  ami,  till  a  much  later  kIa^-,  thin  cavity  ic-itiainH 
connecU-<I  with  the  cavity  nf  the  iiit«-sliiiai  genu -veMJule. 
Tho  cuiinectiioi  bi-twec-ii  the*-  twii  cavitivit  is  cl<Me<l  only  at 
a  very  lat*  |H'n<Ml,  by  the  fonnntii-n  of  th*'  navel.  The 
cloning  of  thit  nietlullarv  tul>e  pn.ctiilH  rmiii  Uith  tiidett,  llie 
light  anil  left  cigcs  ol'  tho  duntal  furrow  (-oaleitcing.     The 
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plofling  of  thb  intestinal  tubo,  oo  Ihe  other  hatid,  takes  place 
not  only  from  the  right  and  Icrfl,  but  by  a  concrescence  of  the 
walls  on  all  sidos  of  the  intestinal  groove  towards  the  navel, 
as  a  central  point  Moreover,  the  whole  process  of  the 
secondary  formation  of  the  intestine  in  the  three  bigbor 
classes  of  Vertebrates  is  mont  closely  connected  with  the 
formation  of  the  navol,  with  the  "pinching  in"  of  the 
embryo  from  the  yelk-sac  (navel-vesicle).  (Cf.  Fig.  70,  p. 
283,  and  Plate  V.  Figs.  U  and  15.) 

In  order  to  be  quite  clear  about  these  points,  it  is  neces- 
sary to  bear  in  mind  the  relation  of  the  germ-shield  to  the- 
gcrm-ai'ea  and  to  the  intestinal  germ -vesicle.  This  ia  best 
accomplished  by  comparing  the  five  stages  which  are  repre- 
sented in  longitudinal  section  in  Fig.  94.  The  germ-shield  (c), 
which  at  first  protruded  only  slightly  from  the  surface  o( 
the  germ-area,  soon  begins  to  raise  itself  from  the  latter,  and 
to  pinch  itself  off  the  intestinal  germ-vesicle.  During  this 
the  germ-shield,  ceen  from  the  dorsal  side,  still  retains  iti 
original  simple  sole-shape  (Figs.  SG,  S7,  p.  298).  Thei-e  is  as 
yet  no  appearance  of  any  distinction  into  head,  neck,  trunk, 
or  limbs.  But  tlie  germ-sliield  lias  grown  much  thicker,  espe- 
cially in  the  anteiior  portioa  It  now,  therefore,  protrudes 
from  the  surface  of  the  germ-aroa  like  a  thick,  much  arched, 
oval  swelling,  and  begins  to  separate  and  fi'ee  itseU 
completely  iroiii  the  intestinal  genu- vesicle,  to  which  it  is 
attached  by  Us  vuntial  suiface.  'I he  progress  of  this  separ- 
ation rondel's  the  back  continually  moi-c  curved ;  in  proportion 
as  the  embryo  grows  and  becomes  larger,  the  geini-veslcle 
decreases  and  becomes  smaller,  till  at  last  it  hangs,  in  the 
form  of  a  small  bladder,  from  the  abdomen  of  the  embryo 
(Fig.  94,  g  da).     In  consctiuenco  of  tlic  pixKesses  of  growth 
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which  effect  this  separation,  a  fun'owliko  deprorsion  is  first 
formed  round  the  emhryo-h'jly  on  thr  upj)L*r  .suiiac*;  of  tho. 
j^crni-vcsic'lo,  surronndin'»  it  liko  a  tivnrli ;  i*oun<I  th<»  out- 
side of  this  tn-nch  a  circular  wall,  «>r  di!:o,  is  formed  hy 
the  elevation  of   the  adjoining  paiLs  of  the  gerni-ve^iclo 

In  order  to  get  a  dear  and  connected  view  of  this 
important  process,  we  may  compare  the  emhryo  to  a 
fortress  surrounded  hy  a  moat  and  a  wall.  This  moat,  or 
trench,  consists  of  the  outer  part  of  the  germ -area,  and 
ceases  where  the  germ-area  passes  into  the  intestinal  germ- 
vcsicle.  The  impoiUint  process  of  lls.'^ion  in  tlM»  midillc 
genn -layer  which  occasions  the  formation  of  the  Iarg«^ 
bodv-cavitv,  extends  over  the  wh'»|'»  i^rrm  area  alnu"'  the 
pcri|)hery  of  the  eudiryo.  At  first  the  rxt'iit  of  this 
mid  lie  gorm-layer  is  co-ext«*nsive  witli  that  i»f  thi»  i^erin- 
arv*a ;  the  wln>!e  remaining  part  of  tin-  int«'^tifial  ;;orm- 
vesiclc*  ori;rinallv  consisting;  onlv  nf  the  two  original  ^ji-rm- 
layi'rs.  the  outer  and  the  inut*r.  Thus,  ovor  the  <»xt»*nt 
of  the  gerin-ar(»a,  the  middle  germ-layer  splits  into  th«*  two 
layers  which  wc  knew  as  the  out<T  skin-lil.rous  lay^r, 
and  the  inner  intestinal-iihrons  layrr.  These  two  layers 
Sfj»arate  widi.-Iy,  a  clear  fluiil  (•(illtrtiri;  hetwccn  them 
(Fig  94, 3  am).  The  inn<.'r  layt-r,  thr  int«'>tinaMihioU8 
ayer,  remains  lying  on  tin?  innrr  layer  I'f  the  intestinal  gn  lu- 
ve^icle  (on  the  intestinal  glandular  I.';iry.  The  outer  lay*  :■ 
the  skin-iihrous  layer,  un  the  conirary.  att'i<.'h»»ii  itsirlf  closely 
to  the  outer  layer  of  the  gcnnarea.  t*)  the  .skin  st-nsory  layir. 
and  the  two  together  ri.se  tip  from  the  intcHtinal  germ- vesicle. 
Fi'om  these  two  united  outer  layers,  a  connected  membrane 
iiow  arises.    Tlius  is  the  circular  wall  which  oontinues  to 
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Fig.  94. — Fire  diagrammatio  lon^zitudinal  ecctions  throngh  the  matnring 
mammalian  germ  and  its  egg-mcmbrancs.  In  Fig.  1-4,  the  longitudinal 
section  \  assos  through  the  sagittal  plane,  or  the  ccnti*al  plane  of  the  body, 
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which  0eiiQimtc8  the  ri^ht  and  loft  halres  ;  fn  Fig.  5,  the  gvii})  fa  Moen  from 
ihe  left  tide.  In  Fig.  1,  the  tufted  (J)  chorion  enclosrs  the  ^crm. vesicle, 
the  wall  of  which  oonaistt  of  the  two  priinnrv  ^orm-lfiyrrs.  iielween  the 
outer  (a)  and  inner  (i)  germ  layers,  the  middle  f^crm-layer  (m)  has  derelojicd, 
cc.oxtensivelj  with  the  germ -area.  In  Fig.  2,  the  embrjo  (e)  is  beginning  to 
separate  from  the  gcrm-vesiclo  (cU),  while  the  wall  of  the  amnion-fold  if 
doTcloping  ronnd  it  (in  front  as  the  head-sheath,  Irs,  in  rear  as  tail-sheathi 
ft).  In  Fig.  3,  the  edges  of  the  amnion.fold  (am)  meet  nboro  the  back  of 
I  lie  embryo  and  thns  form  the  amnion  caritj  (o/i);  while  the  embrjo  (e) 
sepaiatee  still  more  from  the  germ-resicle,  the  intestinal  canal  {dd)  is 
doToloped,  and  from  the  posterior  end  of  this,  the  allantois  (al)  gprows  out. 
In  Fig.  4,  ihe  allantois  {al)  becomes  larger;  the  yelk-sno  (ds)  smaller.  In 
Fig.  5,  the  embrjo  shows  the  gill-openings  and  the  mdiments  of  the  two 
pairs  of  limbs;  the  ohorion  has  formed  branching  tufts.  In  all  the  fit'o 
figures  «  signifies  embrjo;  a,  enter  germ-la jer;  m,  middle  gorm-lajer;  t, 
inner  germ-Iajer;  am,  amnion  (k$,  head-shenth ;  $s,  tail-sheath);  ah, 
amnioo-carit J ;  as,  amnion.shcath  of  the  umbilical  cord;  Ich^ds,  intestinal 
germ •  reside ;  dt,  jelk-sao  (navel •  reticle)  ;  dg,  jelkdoct;  dj,  intestinal, 
fibrous  layer;  dd,  intostinnl-Klandular  In  jer ;  aZ,  olUntois;  v/  =  /iA,  icgiou 
of  the  heart;  d,  yelk-membrane  (prochorion)  \  d\  tnfts  on  prochorion  ;  sA, 
seroos  membrane ;  si,  tufts  of  the  foregoing ;  ch,  tufted  membrane  or 
chorion;  r,  the  space  between  the  amnion  and  chorion,  filled  with  fluid. 
(According  to  KOlliker.)     Compare  Table  V.  Fig.  14  and  1& 

raise  itself  higher  and  higher  around  ihe  entire  embryo,  and 
at  last  coalesces  above  it  (Fig.  94,  2>  s*  4*  r*  a^)-  I'o 
keep  up  the  simile  of  a  fortress  imagine  that  the  sur- 
rounding wall  of  the  fortress  becomes  extitionlinarily  high, 
aud  towers  far  above  the  fortress.  Its  edges  arch  like 
the  crests  of  a  jutting  cliff  which  is  about  to  enclose  the 
forti^ess ;  they  form  a  deep  cavern,  and  at  lost  grow  together 
above.  At  last  the  fortress  lies  entirely  witliin  the  cavern 
forme  by  the  concrescence  of  the  edges  of  this  mighty 
wall     (Cf.  Figs.  95-1)8,  p.  319,  and   Plate  V.  Fig.  14.) 

These  two  outer  strata  of  the  germ-area,  rising  in  this 
way  in  the  form  of  folds  around  the  embrjo  and  coalescing 
above  it,  at  last  form  a  spacious  sac-like  envelope  around 
it     This   envelope   bears  the   name  of  geim-membranei 
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water-membrane,  or  amnion  (Fig.  94,  om).  The  embryo 
BwtDQB  in  a  watery  fluid,  which  fUls  the  space  between  it 
and  the  amnion,  and  is  called  the  amnion-watcr,  or  germ- 
water  (Fig.  94,  4,  g  ah)  We  shall  return  hereafter  to  tlie 
Bigniflcanee  of  this  remarkable  formation.  It  is  of  no 
interest  to  us  at  present,  because  it  bears  no  direct  relation 
to  the  formation  of  the  body. 

Among  the  various  appendages,  the  signiflcanee  of  which 
we  shall  presently  recognize,  we  will  mention,  in  passing,  the 
allantois  and  the  yclk-sac  The  all&ntois.  or  urinary  sac 
(Hg.  94,  g,  4  oQ,  is  a  pcar-abaped  bladder,  which  grows  out 
from  the  hindmost  part  of  the  intestinal  canal :  the  inner- 
most portion  of  it  aftei'waids  changes  into  the  urinary 
bladder  j  the  outer  poit,  with  its  vessels,  forms  the  founda- 
tion of  the  placenta.  In  front  of  the  allantois,  the  j'clk-sac, 
01'  navel  vesicle  (Fig.  94,  g,  4  ds),  the  remnant  of  the 
original  intestinal  gorm-vcsicle  (Fig.  94,  j  kh),  protrudes  from 
the  open  abdomen  of  the  embryo  (Fig.  94,  3,  ^  ds).  In  a 
later  stage  of  development  of  the  embiyo,  in  which  the  intes- 
tinal and  ventral  walls  are  nearly  closed,  this  han^  out 
from  the  navel-opening  in  the  form  of  a  little  stalked 
bladder  (Fig.  94,  4,  ^  ds).  Its  wall  consists  of  two  laycre, 
the  inner  of  which  is  the  intestinal -glandular  layer,  the 
outer  the  intestinal-fibrous  layer.  It  is,  therefore,  a  direct 
continuation  of  the  intestinal  wall.  In  pronortion  as  llio 
embryo  grows  larger,  this  yelk-sac  becomes  smaller.  At 
first  the  embryo  looks  mciely  like  a  small  appcndngL'  on 
the  large  intestinal  germ-vesicle.  But,  on  the  contrary,  at 
a  later  period,  the  yelk-soe,  or  the  remnant  of  the  intestinal 
germ-vesicle,  looks  Uke  a  little  purse-shaped  appenilago  of 
.the  embryo  (Fig.  70}.    Finally,  it  loses  all  importance.    Tfao 
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very  wide  opening  by  which  the  intestinal  cavity  at  first 
communicates  with  the  navel  blad<ler,  afterwards  grows 
continually  narrower,  and  at  last  altogether  disappears.  The 
navel,  the  little  pit>like  depression  which  appears  in  the 
middle  of  the  ventral  wall  of  the  developed  Man,  is  tho 
place  at  which  the  remains  of  the  germinal  vesicle,  the  navel 
bladder,  once  entered  the  intestinal  cavity,  and  by  which  it 
was  connected  with  the  intestine  in  the  course  of  its  evolu- 
tion.    (Cf.  Figs.  14  and  15  on  Plate  V.) 

The  formation  of  the  navel  takes  place  at  the  same  time 
as  the  closing  of  the  outer  ventral  wall  The  ventral  wall 
originates  in  exactly  the  same  way  as  the  dorsal  wall ; 
both  are  formed  essentialiy  from  the  skin-fibrous  layer, 
and  are  covered  outwaixlly  by  the  horn-plate,  the  peripheric 
part  of  the  skin-sensory  layer.  Both  are  formed  by  the 
modification  of  the  animal  germ-layer  into  a  double  tube; 
above,  at  the  back,  the  vertebral  canal,  which  encloses  the 
spinal  tube, — below,  at  the  abdomen,  the  wall  of  the  body- 
cavity,  which  encloses  the  intestinal  tube  (Fig.  93,  p.  309). 

We  will  first  notice  the  formation  of  the  dorsal  wall, 
and  then  that  of  the  ventral  wall  (Figs.  95-98).  In  the 
centre  of  the  dorsal  surface  of  the  embryo  the  spinal  tube 
(mr)  lies,  originally  immediately  below  the  horn-plate  (A), 
from  the  ccntml  part  of  which  it  has  separated.  But,  at 
a  later  period,  the  primitive  vertebral  plates  (v/w)  grow 
from  the  right  and  tho  left  so  as  to  penetrate  between 
Iheso  two  originally  connected  parts  (Figs.  97,  98).  The 
upper  inner  edges  of  the  two  primitive  vertebral  platas 
wedge  themselves  in  between  the  horn -plate  and  the  spinal 
tube,  press  these  two  apart,  and  finally  coalesce  between 
tJiem  in  a  suture  corresponding  M*>th  the  central  line  of 

23 
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the  back.  Tho  closing  is  effected  in  exactly  the  same  waj 
as  that  of  the  spinal  tube,  which  is  now  entirely  enclosed 
by  tho  vertebral  canal  In  thia  way  the  doi3al  wall  is 
formed,  and  the  spinal  tube  lios  quite  in  the  interior  (Fig. 
98).  Jn  the  same  way  the  primitive  vertebral  mass  grows 
lower  down  round  the  notochord  (eJiorda  dorsalis),  there 
forming  the  vertebral  column.  In  this  lower  part  the  inner 
under  edge  of  the  primitive  vertebral  plates  on  each  sido 
splits  into  two  laminm,  tiie  upper  of  which  passes  in 
between  tho  notochord  and  the  spinal  tube,  while  the  under, 
on  the  contrary,  penetrates  between  the  notochord  and  ih.e 
intestinal  tube.  These  two  laminEe,  by  meeting  Irom  eacli 
side  above  and  below  the  notochord.  Completely  enclose  the 
latter,  and  thus  form  the  tubular  outer  notochord-sheath, 
the  skeleton-ftirming  layer,  from  which  the  vertebral 
column  arises  (Figs.  97,  98).  (Cf.  Figa.  3-6  on  Plate  IV., 
and  the  following  chapter.) 

Processes  similar  to  these  which  take  place  above,  on 
the  back,  during  the  formation  of  the  dorsal  wall,  aro 
observed  below,  on  the  abdomen,  during  the  formation  of 
the  ventral  wall  (Fig,  98,  bh).  Here  the  side-plates  grow 
together  round  the  intestine  in  a  similar  way  to  that  in 
wlitch  the  intestine  itself  closed.  Tho  outer  paH  of  tho 
side-plates  forms  the  ventral  wall,  or  the  lower  body-wall, 
while  on  the  inner  side  of  the  amnion-fold,  which  has  been 
mentioned,  the  two  side-plates  curve  more  and  grow  toward 
each  other  from  right  and  left  While  tho  intestinal  canal 
is  closing,  the  dosing  of  the  ventral  wall  is  also  tiikiiig  place 
from  all  sides.  Thus  the  ventral  wall,  which  encloses  the 
whole  ventral  cavity  below,  also  originates  from  two  halves, 
from  the  two  side-plates,  which  incline  toward  each  other; 
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thcso  grow  toward  each  other  from  all  sides,  and  at  laat 
unite  in  the  imvcl  at  the  centre.  We  must,  thcrefure,  dis- 
tinguish between  two  naveU,  an  inner  and  an  outer.  The 
inner  ur  intestinal  navel  is  the  point  at  which  the  in- 
testinal wall  tinally  closes,  at  which  the  communication 
between  the  intestinal  cavity  and  the  cavity  of  the  yelk- 
sac  was  cut  off  (Fig.  70).  The  outer  or  skin-navel  istlto 
lH>int  at  which  the  ventral  wall  finally  closes,>and  which 
even  in  adultu  is  visible  asA  depression.  In  each  concrescence 
two  secondary  germ-laycra  are  concerned ;  at  that  of  the 
intestinal  wall,  the  inteatinal^Iandular  layer  an<l  the  in- 
testioal-hbrous  layer;  at  that  of  the  ventral  wall,  the  skin- 
fibrous  layer  and  the  skin-sennory  layer.  The  intestinal 
wall,  as  a  whole,  arises,  therefore,  from  the  entoderm,  and 
the  ventral  wall  (and,  indeed,  the  entire  body-wall)  from 
the  exodenn  ** 

The  [irocesses  by  which  the  double  tubular  rudiment  of 
the  body  originates  from  the  four-layered  genn-dtsc  arc, 
therefore,  really  very  simple.  They  are  not,  however,  at 
once  easily  understood,  nor  is  it  easy  to  describe  them. 
Very   much,  doubtlciis,  yet  remains  obscure  to  the  reader. 
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EXPLANATION   OF   FIGURES. 


Pig.  98. 

Tiot.  96-B8.— Tnotteno  wciioni  tbrouKh  rmbrjo  Chick:  Fig.  9G,  tba 
KcaiddaTof  incDbktioDi  Fig.  9G,  Iho  tliin]  i  Fig.  97.  the  lourtb  .  >nd  Fig. 
98, the  firth  FigDn]a9S-97>rokrter  KOllikcr  (magniBed  about  lOOtioip*}) 
Fig.  98,  nftiT  Kommk  (magniflnl  about  SO  timoa). 

k,  boro-plate ;  mr,  ipinml  tube;  11(117,  primitiTe  kidnej  dact ;  kh,  pri- 
mitiro  kidncj  Twiolc  ;  Ap,  ■kio-Iibivurt  lajer;  m  =  nm  —  mp,  tnuai-1o- 
I'Utp  ;  liw,  primitiTo  rprtobnl  plato  (irA.  membninoui  fortnalion  i-f  llxt 
TiTtebnl  bodj  i  ii'b,  of  tho  Terlabral  arch  ;  irf ,  ot  tbe  rib,  ur  tnniionui 
'l">l*J»'»)  :  o'pA,  primitJTe  rortebral  cavitj  :  th,  aiiinal  aim.  •«  ii-ilii- 
cImittI  !  tA,  botnchonl-fthoath  ;  bh,  vontral  hqII  ;  j,  poAlirictr^  r,  AHU-i'or 
npr>«  Toota  of  tho  apinal  mamiir :  a  s  af  . .  am,  amnHXi-tol'l ;  p,  body 
ca<it7,  or  coilom  -,  if.  intcitiaaj- fibrous  byrr ;  ao,  primitive  aiirtaa :  lu. 
aeoondarj  aiirta  1  rr,  piincipal  reiDa  .  A  -^  dd,  intntiual-ttlandulBr  lajrr  ; 
dr,  iDt«itinBl  gmove.  In  Vtg.  95.  lhf>  Krr*XrT  part  ot  the  right  halt  of  the 
crou-aeclion  i*  nmidnJ.  niid  in  Fin.  DC  thr  gmler  part  ot  the  left  halt. 
Onlj  •  iinBll  part  uf  the  wall  ot  tho  jrlk-uc,  tbe  remoant  of  the  lEprm. 
TMicle,  which  lie*  below,  i»  ihown. 

c»i>GciaJIy  to   thoHG   wlio  arc  not  at  all  (auiiliar  with  tho 
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anatomical  features.  If,  however,  the. subsequent  stages  of 
development,  which  throw  light  on  their  predecessors, 
are  accumtely  noted,  and  especially,  if  the  transverse 
sections  in  the  preceding  figui*es  and  in  Plate  IV.,  repre- 
senting the  complete  vei-tebrate  body  and  its  germ,  are 
carefully  compared,  the  reader  will  probably  obtain  a  clear 
conception  of  the  main  features  of  mammalian  Ontogeny. 
A  close  and  thoughtful  comparison  of  the  transverse  sections 
is  of  the  greatest  importance  in  this  respect. 

It  is  true,  however,  that  a  deeper,  phylogenetic  know- 
ledge of  these  complex  processes  can  only  be  gained  with 
the  aid  of  Comparative  Anatomy  and  Ontogeny.  These 
teach  us  that  the  ontogenetic  process  which  we  have 
described  as  resulting  in  the  formation  of  the  Vertebrate 
must  be  explained  as  kenogenetic,  and  that,  in  consequence 
of  continual  embryonic  adaptation,  these  processes  have 
departed  very  widely  from  the  original  palingenetic  form. 
The  Amphioxus  alone  of  all  living  Vertebrates  has,  in  con- 
sequence of  tenacious  heredity,  approximately  retained  the 
palingenetic  form.^    (C£  Chapters  XIII.  and  XIV.) 

As  yet  we  have  paid  no  attention  to  the  various  sections 
which  are  distinguishable  in  the  length  of  the  body :  the 
head,  neck,  breast,  abdomen,  tail,  eta  The  transverse 
sections  do  not  help  us  in  this  respect,  and  we  must,  there- 
fore, closely  observe  the  articulation  in  the  longitudinal  axis 
of  the  mammalian  body* 
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EXPLANATION  OP  PLATES  IV.  AND  Y. 

Tlie  two  Plates  IV.  and  T.  exhibit,  parilj  ontogcnetically  and  partly 
pbylogeDetically,  the  mode  in  which  the  haman  bodj  anses  from  the  geriu> 
lajer*.  Plate  IV.  contains  onlj  diagrammatio  transrene  fectiooB  (throngh 
the  sagittal  and  tninsrone  axes)  ;  Plate  V.  contains  only  diagrummatio  longi* 
todioal  sections  (through  (he  sagittal  and  loogitadinal  azos),  seen  from  the 
left  side.  Ttie  four  secocxlarj  germ-la jers  and  their  prod  acts  are  distin- 
goished  thruughoot  by  the  same  four  coloori,  namely :  (1)  the  skin-sensory 
layer  is  orange ;  (2)  tlio  skin-fibroos  layer,  blae ;  (3)  the  intestinal-fibrous 
layer,  rod ;  and  (4)  the  inteatinnl-glandalar  layer,  gTf«n.  In  all,  the  letters 
indicate  the  same  parts.  In  Fig.  1  and  9  alone  the  two  primary  germ- 
layers  arc  rcprcseoted — the  outer,  or  skin-Iaycr,  orange;  the  inner,  or 
iutestioal  layer,  green.  In  all  the  figures  the  dorsal  surface  of  the  body  is 
oppormost,  the  ventral  surface  aodemeath.  All  organs  proceeding  from 
the  skin-lnyer  are  maf  ked  with  blue  loiters  s  all  those  proceeding  from  the 
intestinal  layer,  with  rod  letters.** 

Plate  IV.^DiAoaiMHATic  TaAHSTcasi  Sicnoifs. 

Fig.  1. — Transverse  section  through  the  Gastrola.  (Coroparo  Fig.  9, 
longitudinal  soction,  and  Figs.  22-28,  p.  193.)  The  whole  body  is  formed  by 
the  intestinal  tube  (d)  ;  the  wall  of  this  consists  solely  of  the  two  primary 
geim -layers. 

Fio.  2. — Transverse  section  tbruagh  the  larra  of  the  Amphioxus,  in  tlia 
early  stage  in  which  the  body  consists  merely  of  the  four  secondary  germ- 
Lnyers.     The  intestinal  tube  (d),  formed  of  the  intestinal  Uyer,  is  sopamtal 
ftom  the  body. wall  by  ibo  coslom  (c),  which  it  formed  of  the  skin-lnycr. 

Fio.  3. — Transterse  scxjtiun  through  the  germ^isc  of  a  higher  Vertebrate, 
with  the  nHliinerits  of  the  earliest  organs.  (Compare  the  transverse  section 
of  the  embryo  Ciiick  at  the  second  day  of  iocnbation,  Pig.  Il2.)  The  spinal 
tube  (m)  and  the  primitive  kidneys  (a)  are  separated  from  the  hom-plate  (A). 
On  both  sides  of  the  notnchord  (ch)  the  primitive  rcrtebrs  (uic)  and  the 
atdo*layers  aro  diflcreotiated.    Between  the  skin-fibroos  layer  and  the  intea* 
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liDBl-Sbrott  laTOT.  tha  Rrat  mdimont  of  (ha  lnolr-caTitj,  or  the  ixaloni  {e),  in 
Tiiible  I  nndsr  it  vn  th«  two  primitive  aortiis  (0- 

Fio.  4. — TranBtcno  aoctioii  throagh  Clio  gei-nfdiMt  of  ft  lilgltor  YerUibrale, 
Bomoirhat  fnrtber  derclopod  thfto  in  Fig.  3.  (Cun>|inre  (he  trsiinTerRfl 
iGOtion  of  tha  embryo  Chick  Rt  llie  tbird  day  of  iaouWti<m,  Fig.  95  ond  Wi, 
p.  317.)  I'he  Bpinal  tabe  (lu)  and  tha  nolocboid  (cA)  ars  alrtadj  begioDiug 
to  ba  encloBed  by  the  primiciTS  rertsbra  (uui),  in  which  tlia  muKtc-pluto, 
buae-plulei,  and  uerre-rootB  mre  beooming  dislinot.  The  primitire  kidueje 
(u)  Bi-e  already  oompletely  ■epantted  from  the  h<ati-plate  (h)  by  the  iealhei- 
pinte  (I)  i  e,  the  oodoin;  t,  th«  aortu.  The  skin-layer,  riling  ftronnd 
the  ombrfo,  forou  the  suiDion-fold  (iiai)  i  thii  (fiTea  rise  to  a  hollow  apace 
(s)  between  the  amnion-fold  and  the  wall  of  the  yelk-eoo  (dj). 

fio.  Ci.  — TiaosreiM)  aeotioa  thronKb  the  peWio  region  and  the  ptatririor 
limba  of  the  embiyo  of  a  highei  TertebiBte.  (Compare  tbii  baniTene 
■eotioD  throngh  Chiok  at  the  Sfth  day  of  inoabation,  Fig.  120.)  Tbe  spinal 
tabe  (n)  i«  already  entirelj  enolosed  by  the  two  coning  halrM  of  the 
Tertebm  (itb),  and  aimilorly  the  uotocliord  and  its  ilieath  by  the  two  balvei 
of  the  Teneliral  body  (ul:).  The  leather-plate  (I)  bos  entirely  ■eporateil 
from  tbe  Dinacle-p1at«  (mp).  The  born-plate  (h)  has  thiekeaDd  rerj  much 
at  the  head  of  tbe  poBtcrior  limba  {*).  The  primitiie  kidiieyB  (u)  are  pru- 
mitient  in  the  cmlom  (c),  and  lie  vary  near  tha  gonn-cpithcliam,  or  tlio 
radimcnUi-y  soinal  glands  (k).  The  intestinnl  tube  (ilj  ia  attocliod  to  thu 
dorsal  eurface  of  tbo  body  by  the  meaentury  (a),l)oiieaih  IIjq  main  artery  {I), 
■ud  the  two  principal  Teing  {n).  Bekiw,  in  the  centre  of  the  vential  wall, 
the  Btalk  of  tbe  alUutois  (al)  a  lisiblo. 

Fjo.  6. — Transrerae  lectiaa  through  a  developed  Primitiro  Fish,  or  eomo 
other  Vertebrate  of  a  low  order.  Tlio  parte,  ua  the  wliulo,  bear  the  aame 
relation  to  each  other  aa  in  the  precudiog  tranaverse  si^ctiun,  Fig.  5,  and  am 
marked  in  tbe  same  way.  Bat  tlie  sexual  glnnda  (k)  have  devolupod  into 
oraries.  and  the  pHmitive  kidneys  are  Irausfeired  into  oriducta,  which  open 
into  tlie  cielom.  Tbe  two  side  pro  tube  ran  cbb  {lb)  uf  the  ioMatinal  tabo  (d) 
indicate  tbe  inteatinal  glands,  fur  eiaa^plc,  the  liver.  Btlui*  the  intestinal 
tube,  in  the  intcUiaat  wall,  lii^s  the  intestinal  vein  (u)  ;  abuve  tbe  iatCitinal 
l:ibs  lies  the  aurta  {I),  and  above  thia,  again,  the  two  principal  veioa  (nV 

Fio.  7. — Troniiverio  section  through  one  of  the  higher  Worms  (through 
Ibo  bead  of  an  Annelid),  abowing  its  essotitial  agreomeat  with  the  Vertu- 
bi-atea  in  the  coustructiou  of  the  body  from  tha  four  acoundary  germ- 
laycra.  It  should  be  carefully  compared  with  the  dia^raaiuiatio  truus- 
rorsa  section  tbruugh  the  low  Vertebmte,  Fig.  G  :  «,  the  "  brain," or  "upper 
throat  gangliun."  Tholcalhet-pUito  (J)  and  the  uiosole-plale,  which  lies  beluw 
the  former,  have  differontialcd  from  the  skin-fibrous  laj-er.  The  muscle-lajBr 
liB«  separated  into  an  onter  ciroular  musclo-stialnm  and  a  long  inner  stratum, 
and  tbe  muscle  at  ■the  latter  has  distributed  iCaelf  into  duraal  muscles  (r).ind 
vuuLral  luosclei  (b).    The  two  are  lepuatod  by  the  primitive  kiduajra  (u), 
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irhioli  eztood  from  the  hom*pIato  (h)  to  the  coplom  (e).  Hero  tie  |iriinitire 
kidneys  hmwe  a  fanncl-4hnpe<l  openin.;,  through  which  they  carry  oat  tbo 
ovules,  which  fall  from  the  ovnnvs  {k)  iiiio  liie  ccelutn.  The  intcKtinal  tobo 
(d)  has  glands  on  its  surface  (liver-vesicles,  /6).  Uolow  it  lies  the  vent  nil  vosscl 
(the  intestinal  rein,  v),alNivc  it  ilio  dorsal  vrsHtd  (tbo  aorta,  /).  The  position 
and  origin  of  all  these  primiiivo  «.rgati«  it  entirely  the  sanao  in  Blanand  every 
other  Vertubrate,  as  in  the  Worms.  The  only  essential  difference  is  that  in 
the  Vertebrates  a  Dot4)cliord  is  de%«lo|»od  between  the  spinal  tube  and  the 
intestinal  tube. 

Fio.  8. — Transverse  section  through  the  haman  thorai.  The  •pinal  tobo 
(m)  is  entirely  enclosed  by  the  developed  circular  vortcbnD  (ic).  A  curved 
rib  proceeds  right  and  left  from  the  vertebra,  supporting  the  wall  of  the 
breast  (fpX  Below,  on  the  veuiral  suKooc,  betiveon  the  right  and  left  rib, 
lies  the  breast-bone,  or  sternum  (66).  Wiibout,  above  the  ribs,  and  the 
mnsoles  between  the  ribs,  lies  the  outer  kkin,  formed  from  the  leather-plate 
(Z)  and  the  horn-plate  {h).  The  greater  |>ait  of  the  breast-cavity  (or  the 
anterior  part  of  the  cusloni,  c)  is  occupied  by  the  t«To  lungs  (Is),  in  which 
the  branches  of  the  trachea  raaiify  like  a  tree.  Those  all  open  together 
into  the  unequal  branches  of  the  trachea  (/r),  which  o(>en8  further  up 
at  the  neck  into  the  GBM>phaguj»  {tr).  Uetwcen  the  intestinal  tube  and  the 
vertebral  column,  lies  the  aorta  (t).  Ueiwecn  the  trachea  and  the  sternum 
lies  the  heart  divided  by  a  pariiiiuu  wall  into  two  halves.  The  left  heart 
(kl)  contains  only  aitoiial,  the  tight  {fir)  only  venous  blood.  Each  half  of 
the  heart  is  divided  by  a  valved  opening  into  an  auricle  and  a  ventricle. 
The  heart  is  here  represented  diagiammatically  in  its  (phylogenetic)  original 
symmetrical  position  (in  the  centre  of  the  ventral  side).  In  the  developcil 
human  being,  and  in  apes,  the  heart  lies  in  an  unsymmetricol  and  oblique 
position,  inclined  to  the  left. 

Plats  Y.— Diaobammatic  LoNorrvDiiiAL  8Ecno?r«. 

Fio.  9. — Ix>ngitadinal  section  through  a  Gastmla.  (Compare  Fig.  1, 
(rannverse  section.)  The  intentinal  cavity  (t^  opens  in  front  through  the 
mouth  (o).     The  body  consists  merely  of  the  two  primary  gcrmluyors. 

Fio.  10. — Liongitudinal  section  through  au  hypothetical  Primitive  Worm 
(fyotMmiMJt  the  entire  body  of  which  consists  of  the  four  seondnry  gemi- 
iiyers.  The  intestinal  tube  (d)  is  still  very  simple;  but  the  anterior  and 
INjsterior  intestines  begin  to  giow  distinct.  The  mouth  (o)  is  still  the  anus 
alsow 

KiG.  11. — Lonptttdinal  section  through  a  low  Ccelomate  Wonn.  The  primi- 
tive brain  (m),  or  the  fintt  nerve  centre  oveiI\ing  the  thnmi,  ii.is  separated 
from  the  homplate  (/t).  The  intestinal  tube  ha«  acquircnl  a  second  posterior 
anal  opening  (a)  in  addition  to  the  mouth-opeumg  (a)  in  fixiiit.  A  skin- 
ghiud  has  devclopod  into  prirnitivo  kidne)s  (m)  and  ufiens  into  the  bo4y« 
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Mrtl7  (e),  which  l|M  formed  hatwcun  tha  itin-Sbroiu  Ujer  aod.  tbs  IntM 
llnal-flbTDna  Inyer. 

Fia.  12. — Longilndinal  trolioa  tluniigh  kn  tiTpothelicKl  Worm  (Chordo- 
niam),  which  woa  smong  tbs  common  p&rent-rorrng  of  Vertebrataa  and 
AKidinna.  Tho  primitive  britin  (m)  has  longlbened  into  in  elongated  ipinal 
tube.  Betwoon  tUa  spinnl  tube  and  the  inteatinal  tutia  (<j),  the  uotochord 
(eh)  baa  develupod.  The  iotestinitl  tube  faaa  differentiated  iota  two  diriaiona, 
an  aoterior  gill-igteatitie  (with  three  paira  of  gill-opcnlngi,  I:*)  whiob 
wrToa  tor  broathiag,  and  a  poaterior  stomaob-intoatiae  (with  a  tiTer- 
appeudage,  lb)  whiph  aerrea  (or  digeation.  la  front,  at  the  hend-eitremitj, 
an  organ  of  aenae  '{7)  haa  developed.  The  primitira  Iddaej  (u)  opeoa  iato 
the  body .oarity  (e) . 

Fio.  13. — Longitudinal  aection  thnngh  a  Frimftive  W-ih  (Proitlaehiut), 
oIomIj  related  to  the  eziating  Shnrka,  and  hjrpotheticnl  ancealoia  of  Mao 
(the  flaa  are  omitted).  The  gpinni  tnbe  haa  differentiated  into  the  Are 
primitiTe  brain^bladden  (m, — m^)  and  the  ipinul  mat-itiw  («,).  (Compare 
Figs.  15  and  16.)  The  brain  is  enclDBod  in  the  sknil  (>),  t)ic  spinal  marruwin 
tha  TertebniJ  canal  (nlH^vc  the  apinal  marrow,  Ihe  rcrtebi-nl  arclici  (tab); 
under  it  the  Tertcbml  Ijodica  (wt)  -,  cadcr  llie  latter  tlie  origin  oF  tbe  riba  ia 
indicated).  In  front  an  orgnn  of  aense  (7,  noso  or  cje)  hm  dsrcloiied  from 
the  Uorn-lajer,— at  the  bock,  the  primitive  kidnej  (u).  Tlie  inleBtinal  tube 
(d)  has  differentiated  into  the  following  ports,  Ijing  one  behind  another : 
the  moDth<ca7it7  (mh),  the  throat-CBv[ty  with  lii  paira  of  giil-opsDingH 
(ti),  tbe  awimmiDg-bladdcr  (=lan^,  ta),  tho  msophnjcoii  (ir).  tbe  stomnch 
(mg),  the  lirer  (2b)  with  llie  gall  bladilor  (,i),  Ibe  amall  intoatino  {dd),  und 
tho  rectnm  with  the  aniiB  (a).  Below  the  throat-cuvty  Lea  the  heart,  with 
the  aarlcte  (An)  and  the  vi^nlricle  (^hk). 

Tio.  11.— LongitQdinal  eettion  thronRli  a  homan  embryo  of  three  weekx, 
ahowing  tne  relation  of  the  intestinal  tiibo  to  ita  anpendngos.  In  tho  centtu 
the  long-slalked  yellc-eac  (or  the  navel- veEiclc,  di)  projects  from  llie  intra- 
tinal  tnbe  <di) ;  aimilarly  the  long-etalkcd  alluntoia  (a()  [fojci^ta  fi'om  the 
iataatino  at  the  back.  The  ^eart  {hi)  ia  riaihle  beneath  the  anterior  intvE- 
tiae.     Amnion-cyity  (ah). 

FiQ.  15.— Longitodinal  section  throagh  n  human  embryo  of  five  weeka, 
(nompare  Fig.  U.)  The  amnion  and  tho  placenta,  with  tho  urachiie,  are 
omitted.  The  apiiinl  tube  has  dilFcreDtiatcd  into  tho  Bvo  primitive  brain.bliul- 
dera  (m,-fn,).  and  tho  spinal  marrow  (m,).  (Compa™  Fi((B.  13  noil  Ifi.)  The 
■kail  (>)  is  formed  around  the  brain  ;  belon'  the  Fpinol  mnrmw  the  series  of 
Tcrlebral  bodioa  (ui).  The  iutesHral  tube  hai  diRcicntintH  into  the 
following  dii-isiona,  Iving  one  behind  snolhor:  tho  Ihroat-cavii y  with  thrm 
paim  of  gill-openinRa  («),  the  lung  (£u),  the  <Deiiphngua  (»r),  tlio  stomach 
(m;),  tha  lirer  {lb),  the  coil  of  the  aaiall  inleatine  {dd),  into  which  tho 
)elk-sac  {dt)  openi,  the  urtiiary  bladder  (hi),  and  the  rectum.     Heart  (H). 

Fid.  16  — Lougilodiual  section  tliroogh  dareloped  human  female.    AU 
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ilie  parts  aro  perfectly  developed,  bat  din^i^nmmaticnlly  rrilnced  and  sim- 
|tlificd,  in  orJer  to  cxiiibit  clearly  their  relative  positiuns  atid  tiiclr  rclationt 
to  the  fuur  secondary  germ-layert.  In  the  brain,  the  Bre  original  braiu- 
bladders  (Fig.  15,  fn^-m^)  hare  been  differentiated  and  transformed  in  the 
Dinnn';r  peculiar  to  the  higlier  mammals:  m|,  fore  brain  {cerebrum),  ooi* 
%ioigliin^  and  covering  all  the  other  four  brain  bladders;  m,,  ttrixt  brain 
("  the  oentru  of  sight  *') ;  m„  mid  braiu  ("  the  four  bulbs  ")  ;  m«,  hind 
brain  (cerebellum)  ;  m^,  after  brain,  or  prolonged  fmarrow  (medulla 
cblonQuta),  passing  into  the  spinal  marrow  (m^X  The  brain  is  enclosed  in 
the  skull  (9),  the  spinal  marrow  by  the  vertebral  canal:  above  the  spinal 
marrow  the  vertebral  arches  and  spinal  pnicosses,  nnder  ii  the  vertebral 
bodies  (wk).  The  intestinal  tube  has  differentiated  into  the  following  parts 
lying  one  behind  another :  the  mouth-cavity,  the  throat.cavity  (in  which  ai 
an  earlier  period  the  gill^penings,  Irs,  were  situated),  the  trachea  (2r)  with 
the  lungs  {lu),  the  ceaophagus  (tr),  the  stomach  (my),  the  liver  (2i),  with 
l'\e  gall-bladder  (1),  the  ventral  salivary  gland,  or  pancreas  (p),  the  small 
intestine  (dd),  the  large  intestine  (<i«),  and  the  rectum  with  the  anns  (a). 
The  body-cavity,  or  ccelom  (c),  is  divided  by  the  diaphragm  (z)  into  two 
distinct  cavities ;  the  breast-cavity  (c),  in  which  the  heart  {hz)  lies  in  front  of 
the  lungs,  and  the  ventral  cavity  in  which  most  of  the  intestines  lie.  In  fix>ni 
of  the  rectum  lies  the  sheath  (txiyina,  vy),  which  leads  into  the  uterus  (/); 
in  this  the  embryo,  indicated  hero  by  a  small  germ-membrane  vesicle  (e),  is 
developed.  Betwoon  the  uterus  and  the  oi  pubis  lies  the  vesica  urina  {hhy, 
the  remains  of  the  stalk  of  the  allantois.  The  horn-plate  (A)  as  the  ooter 
skin,  covers  the  whole  body,  and  also  forms  the  coating  of  the  cavitiM  of 
the  mouth,  the  anus,  the  vagina,  and  the  nterus.  The  milk  glaudo,  or  rmammm 
ItrA),  art;  alai  origioal^v  farmed  fiom  ihs  horu.pUfta 
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ALPHABETICAL  LIST 
Of  the  Meaning  of  the  Letters  in  Plates  IV.  and  V. 

K.D.— The  sldn-seDBory  Injer  is  indicated  bj  orange,  the  skin^fibroci! 
layer  by  blue,  the  intestinal-flbrons  layer  by  red,  and  Ibe  intestinal.glandalta 
layer  by  green. 


a,  anal  opening 

ahf  amnion-carity 

alf  allantois  (urine  no) 

am,  amnion 

h,  Tentral  muscles 

hh,  breast-bone  {atemum) 

c,  body-carity  (cceloma) 

c„  breast-cavity  (cavitas  pJeurai) 

^„y  venti-al  cavity  (cavitas  peritonei) 

eh,  notochord  (chorda) 

d,  intestinal  tube  (tractufi) 
de,  large  intestine  (colon) 
dd,  small  intestine  (ileum) 
ds,  yelk-sac  (uavel.vesicle) 

e,  embryo  or  germ 
/,  matrix  (uterua) 

g,  nlesentery  (mesenterium) 

h,  hom.plate  (ceratina) 

hh,  urinary  vesicle  (vesica  urina) 

hk,  Tentride  of  heart 

hi,  left  (arterial)  hoart 

hr,  right  (venous)  heart 

hv,  auricle  (atrium) 

hz,  bcai-t  (cor) 

i,  gall-bladder  (vesica  fellea) 

k,  germ-glands  (sexual  glands) 

ki,  giU.opcning8(throat-openiug8) 

I,  leather-plate  (corium) 

lb,  liver  (^hepar) 

Ir,  windpipe  (trachea) 

•'u,  lung  (pulmo) 

tn,  medullary  tube  (tubus   msduU 
laris) 


•^1 


p,  the  five  brain.bladdciB 

fore-brain 

twizt-brain 

mid-brain 

hind-brain 

after-brain 

spinal  coi-d  (medulla  spinalis) 
md,  milk -glands  (mamnuEi) 
Mg,  stomach 
mh,  month -cavity 
tn|7,  muscle.plate  (muscularis) 
n,     principal  veins 

month-opening  (osctdum) 

ventral  salivary  gland  (pancreas) 

organ  of  sense 

muscles  of  the  book 

ribs  (cosUb) 

skull  (crj/nium) 
sb,    OS  pubis 

sh,    throat-cavity  (pharynm) 
St,    gullet  (jKsophagus) 

aorta  (main  artery) 

primitive  kidney  (proton ephron) 

embryonic  vertebra  (meiameron) 

intestinal  vein  (primitive  vein) 

vagina 

vertebra 
Mob,   vertebral  archea 
wkf    vertebral  bodies 
*»       logBf  or  limbs 
y,       space  between  the  amnion  and 

the  yelk-sac 
Si       midriff  (dxaphragma) 


Pi 

r, 


uw. 


vg, 
10. 
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TABLE   VII. 


Byiieinatio  Borrey  of  the  Derclopmcnt  of  the  Orj^nlc  SvMeuis  of 

the  Germ  lajera.     (Cf.  riuics  IV.  and  V.) 


limn  from 


0«ier  Primoiy 
Utrm-Uftr. 

Skin-Uyer. 

(Animiil 

Oerm-Ujrer. 

Bacr.) 

Exoderma. 

Lnmina 
B. 


Flml 

•ecundjry 

genn>Uycr. 

Skin-sensory 

layer. 

(8kln-«tretviD, 
IWier.) 

Ijam  ima 

mturoderwialit, 
H. 


I. 

Horn -plate. 
LmmuUa  eeratina. 


n. 

Marrow  pNte. 


1.  Outcr-fikin  (epulermii). 
X  Appefvl  !?••«   uf    till-     epi- 

dermit  (ii.iii.  iijil«.  ric.l 
S.  GUikI^  uf   the    ef'ide tTmti 

(pi'r«|>irntorv.  aelMMwUi^ 

Uctral  gUiHl'*). 

4.  Spirul  Burrow  i  mciliillofy 
ft.  Brain  i     labc. 


OrgAnn  of  llie 
•eniUl  p«rt>. 


0 


IIL 

PrimlUve  kidney 
pl4te. 

LawieUa  mfOlit. 


7.  Primitive  kkltirjii  {tf  an4 
tb«  uuilrtn.  MliicU  irina 
from  thrni  rirtlirw>xiul 
pnH|iirt«  i|KTii  |M  (runt 
Ibeskin-UlNuu*  Uycrf  f) 


k 

opcond 

wooimU  rj 

fenn-iaycr. 

Skin -fibrous 
layer 

(Fle«h-«tratani, 
IWr) 

inodtrmalu,  H. 


IV. 
Leather-plat^ 

Lmmdla  eoriarim. 


r. 

Flesh -plate. 


t.  Tra«  »k1n  {curium)  aii4 
•kla-Buade  •irauim  I 

t.  Tmnk  •  mincle  •tmiani 
(tide  BOKl«s  of  lk« 
tmnk.  He..). 

10.  Inner  •kelHon(obor^l.  vtr- 

tet>ral  ooiumn,  etc). 

11.  Rxoctrlar^dwilrtAlourlom* 

ep  ilirllnii). 
II.  Male  fiim-rpiib«liiiiii  (ru* 
dimentAry  tMtea)  1 1 


Body-Cavity  (CteiMM):  a  nacc  between  the  Mcin-lam'  and  the  lotesUnal  byer,  lieiw« 
tiM  body- wall  aad  the  InteeUiul  wall,  filled  wHk  iyvpb  (cuU>orto«  Mood). 


Third 


B 

Tnntr 

Primary 

Gem-layer. 

IntesMnal 
lay»  r. 

nreG«tativ« 
Oetm-Uiyvr, 

ftavr.) 

Cntoderma 

tamimm 
fMrralta,  i7. 


frnn- layer. 

Intestinal- 
fibrous  layer  J 

(Vaacntar-atra- 
tnm,  Baer.) 

iMmina  in^- 


TL 

y  soular  plata. 


IX  Female     Kenn-4>|»ltheliui 
(mdlmetitary  ovary)  r  t 

14.  Endoctrlar'  (v|«ceral 
lum-eplflirlium). 

It.  Main  bl<«id-«cMw>U  (iMart, 


f>Hmitive  artarii*.  priin< 
tire  vefna). 
IS.  Blood-%-eaatl  Klamln  {Ijm- 
pliaUc       glaoda 
•plcen> 


V!!. 
Me»ent^iy-p1a*e 


/IT. 

jia 
( 


Meamtery  (metfmt^rivm) 
lntr«tin<il  •  mu«(  le      w«li 

(and    ftbrnv*   iBlaalliiaJ 

mrmbianea). 


4. 

FooTtb 

arcondary 

germ-Lijrer. 

Intestinal- 
glandular 
layer. 

(llBn.ac.atr.. 
tam.  fUer.) 

iMmimm  aiyea 

0m»trmli».   ft. 


T 


VIII. 
|fuc'»"S  plats 


( 


It.  TMeatlf*^!  #'|»l'hHlnm.  via- 
nrr  f  II  (.■..iiMj  >»(  lite 

Inir.tiii  «l  imU-  ) 
Inf^iinl    d  ind    •-|»|ib«*« 
Uiim      (I filler  o  ll«rQat> 
lac    »^ 
0 


CHAPTER  XL 

GENERAL  STBUCTURB  AND  ARTICULATION  OF  TOR 

INDIVIDUAL. 

Baaential  Agreement  between  the  Chief  Ptklingonetic  Germ  Prooesses  in  (he 
case  of  Man  and  in  that  of  other  Vertebrates. — The  Hom.in  Bod  j,  like 
that  of  all  Higher  Animals,  develops  from  Two  Prioiary  and  Four 
Secondarj  Germ-la jers. — The  Skin-sensor j  Lajer  forms  the  Ilorn.- plate, 
the  Medallaiy  Tnbo,  and  the  Primitire  Kidneys.— The  Middle  Layer 
(Me.xxierm)  breaks  np  into  the  Central  Notochord,  the  Two  Primitive 
Vertebral  Cords,  and  the  Two  Side-layers. —The  latter  split  ap  into  the 
Skin-fibroos  Layer  and  the  IntcstinaUfibrous  Layer. — The  Intestinal- 
glandular  Lax'er  forms  the  Epithelium  of  the  Intestinal  Canal,  and  of 
all    its   Appendages. — Ontogcnetio    and   Phylogenetio   Fission  of   the 
Germ-layers. — Formation  of  the  Intestinal  Canal. — The  Two.layered 
Globular  Intestinal  Germ-vesicle  of  Mammals  represents  the  Primitive 
Intestine. — Head  Intestinal   Cavity,  and    Pelvic   Intestinal   Cavity. — 
Mouth   Groove    and   Anal   Groove. — Secondary    Formation   of    Mouth 
and  Anus. — Intestinal  Navel  and  Skin-navel. — Movement  of  the  Primi- 
tive   Kidneys  from    the    Outside    to   the  Inside. — Separation  of   the 
Brain  and    Spinal  Marrow. — Uudimcnts  of   the  Rmin.blarlders. — The 
Articulation   or   Metaraeric   Straclure   of    the    lJi>dy. — The   Piimitive 
Vortcbrm    (Trunk-Segments,   or    Metamera). — Tho    Construction    and 
Origin   of    the   Vertebral  Column. — Vertebml    Bodies   and   Vertebral 
Arclies. — Skoloton-plate  and   Musclo-plate. — Formation    of   tho   Skull 
from  the   11  cad -plates. —  G.ll-opcniiigs  and   Gill  arches. — Snuse-orgariu 
— Limb-^. — The  Two  Front  Linios  and  the  Two  Hind  Limbo. 

"The  ocourrence  of  an  internal  skeleton  in  definite  local  relations  to  tho 
c-ther  organ-systems,  and  the  articulation  of  tho  body  into  homologous 
aegments,  are  points  in  the  general  or^nisation  of  Vertebrates  to  which 
especial  weight  must  be  g^ven.  This  metamerio  structure  is  more  or  less 
definitely  expressed  in  most  of  tho  organs,  and  aa  it  extends  to  tho  axial 
skeleton,  the  latter  also  gradually  articulates  into  separate  segments,  the 
vtntolirsEv     The  latter,  however,  mnst  bo  rejrarded  only  as  the  partinl  pt. 
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prcmioii  of  a  general  articnUiioo  of  the  body,  which  is  all  the  more 
important  in  conseqnence  of  itf  appearing  prior  to  the  nrticnUtion  of  the 
origpnatly  inarticolate  axial  tketeton.  Hence  this  gcncml  nriiculntion  may 
be  considered  as  a  primitive  Teriebral  structure,  to  which  the  articulation 
of  the  axial  skeleton  is  relaied  as  a  secondary  process  of  th*^  same  sort."— 
KiKL  Gkgbmbaue  (1870). 

The  most  important  pn>cesses,  which  we  have  just  noticed 
in  the  construction  of  the  body  from  the  germ-Ia3'er8,  are 
essentially  similar  in  all  Vertebrates.  In  these  points  Man 
entirely  resembles  the  other  Mammals ;  nor  do  the  latter 
essentially  differ  from  other  Vertebrates.  It  is  true  that  a 
more  exact  study  of  germ-history  brings  various  difTeren^os 
to  light,  some  of  which  are  very  striking:  among  these 
may  be  mentioned  the  formation  of  a  large  yclk-sao 
in  most  Fishes,  in  all  Reptiles,  Birds,  and  Mammals ;  also 
the  formation  of  the  amnion  and  allantois  in  the  three 
higher  vertebrate  classes.  But  all  these  remarkable  struc- 
tural conditions,  which  react  on  the  diversified  development 
of  other  parts,  were  only  kenogeneiiccdly  acquired  at  a  later 
stage,  in  consequence  of  Adaptation  to  the  conditions  of 
cgg-Iife  ;  on  the  contrary,,  the  most  important  conditions  of 
the  original  body-structure,  which  must  be  regarded  as 
palingenetic,  as  transmitted  by  Heredity  from  the  common 
parent-form  of  all  Vertebrates,  are,  on  the  whole  and  in  the 
main,  everywhere  the  sama 

As  such  essential  main  acts  in  the  germ-history  of  all 
Vertebrates,  the  following  must  be  especially  noUnl : — 1, 
Tne  formation  of  a  Gastrula  (in  the  most  ori;;i:ial  form  in 
the  Amphioxus,  in  a  form  which  is  modificil  from  the 
latter  in  all  other  Vcrtcbi-atcs).  2.  The  fission  of  the  four 
primary  germ-layers  into  four  secondary  germ-layers  (ofli»i 
with  a  three-layered  stage  intermediate  between  the  two 


t ; 


330 


THB  EYOLUnOK  OF  MAK. 


and  the  four-layerod  stages).  S.  The  axial  soldering,  or 
the  coalescence  of  the  germ-layers  along  the  longitudinal 
axis  (giving  rise  to  the  axis-band).  4.  The  early  sepa- 
ration  of  the  medullary  tube  from  the  skin-sensory  layer 
(by  the  formation  of  the  dorsal  furrow  and  the  spinal 
swellings).  5.  The  early  origin  of  the  priniitiVe  kidney 
ducts  (probably  from  the  skin-sensory  layer).  6.  The  early 
division  of  the  skin-fibrous  layer  into  the  chorda,  the  primi- 
tive vertebral  cords,  and  the  trunk-muscle  plates.  7.  The 
separation  of  the  skin-fibrous  layer  from  the  intestinal- 
fibrous  layer  (giving  rise  to  the  body-cavity,  or  codoma). 
8.  The  rudimentary  primitive  vessels,  or  aortae  (from  the 
intestinal-fibrous  layer).  These  important  germ-procosscs 
result  in  the  formation  of  ten  different  parts  of  the  body, 
which  we  may  call  "  the  primitive  organs,"  and  which,  in 
the  following  list,  are  represented  in  their  relation  to  the 
germ-layers.    (Cf.  Fig.  99,  and  Plate  IV.  Fig.  3.) 


Fkjflogeneticjtstion  <tf  the  gtrm-layen. 


Primitive  Organ§ 
{Fig.  M). 


Oilier  priroaiy  germ- 
Uyer: 

Skin-layer 

(Dcimal  layt^r,  or 


I.  Scoondiry  gcrm- 
Uyer : 

Bkin-sensory 
layer. 

II.  Secoftdaiy  genn* 
layer: 

Skin-flbroua 
layer. 

ni.  Secondary  germ- 
byer: 

Intestinal- 
fibrous  layer. 
Inte^inal  layer  )  ,v.  secondary  germ- 
(GaRtral  layer,  or     f  layer: 

M^U^rma).        \        intestinal- 

glandular  layer. 


lanor  i>r1mary  germ- 
layer: 


1.  Horn-plate  (h). 

2.  BlcdtilUry  plate 

(wr). 

3.  rriiniiive  kidney 

iung). 

4.  Cborda  (ck). 

6.  rrimlilve     vert**- 

bral  plate  (tiu>). 

6.  Skin-muacie  plate 

T.  Body-carl  ry  (tp). 
8.  Int4*fftlnal   muacle 

pl.iie(<40- 
t.  Primitire   aorU 


le.  Inte«ttlnal  gland- 
epithelium  (cU). 


Ontofftnetie  Jittiom 

qftke 

ffcriH'lajfert. 


A.  Upper  or 

Sensory  layer, 
Remak. 


B.  Middle  or 

Motor-germina* 

live  layer, 

Remak. 


C.  Lower  or 

Trophic  layer, 

Remak. 
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In  the  iiniYortant  transverse  sccticm  through  the  germ- 
shield  of  a  Chick  (Fig.  99),  which  ^presents  tlicse  primitive 
organs  in  their  original  relative  positions,  they  are  seen  to 
be  flattened  and  spread  out ;  and  they  are  found  in  this 
same  condition  in  a  corresponding  transvei'se  section  through 
the  germ-shield  of  a  Mammal  In  order  rightly  to  appre- 
ciate these  instructive  sections  (with  which  Figs.  3  and  4 
on  Plate  IV.  should  l>e  compared),  it  must  be  remembered 
that  the  layer-like  extension  of  the  flat  germ-layers  over 
the  surface  of  the  large  yelk-sac  represents  a  derived, 
kenogenetic  condition,  which  has  arisen  in  consequence  of 
the  gradual  accjuisition  of  a  large  nutritive  yelk.  In  tiiose 
low  Vertebrates  in  which  there  is  no  such  yelk-sac,  and  in 
which   the  original,  palingenetic  condition  is  more  or  less 


^ -/•.>/' 


Flo.  99. — Transversa  section  throaj^h  tho  ^nn-iihicld  of  a  Chick  (on  tho 
second  day  of  iticiibation,  about  100  tiaii*«  enlarged).  In  the  cater  gcmi> 
lajer  the  axial  dornal  furrow  \um  completetjr  cloflod  and  forms  the  modallarj 
tube  (mr),  which  Uoa  Hcparatotl  itself  from  tho  honi-platc  (/i).  Id  the 
middle  germ-layer  the  axial  notochord  {ch)  has  entirely  separated  itself 
from  the  two  primitiro  vertebral  cords  (mit),  in  tho  interior  of  which  a 
trmositorj  caritj  {uu  h)  afterwards  f(»rms.  Tho  side-layers  have  split  into 
the  outer  nkin-fibrouH  lajer  (hj>l)  and  the  inner  intestinal-fibrous  layer 
(df)t  which  are  still  connected  by  the  middle  plates  (mp).  Tho  fissure 
(sp)  between  the  two  in  the  rudiment  of  the  body-cavity.  In  the  gap 
between  tho  primitive  vertebral  (x>nls  and  the  side-layers  on  either  side  are, 
attached  on  tlio  oat4r  side,  the  primitive  kidney  (mvij^),  on  the  inside  the 
primitiTe  artery  (ao).  (After  Kdlliker.) 
24 
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retMned,  Uie  genn-layers,  even  in  the  e&rliest  Btage,  form 
closed  tubes,  which  may  be  immediately  referred  to  the 
tubtilu-  ehape  of  an  elongated  Qastnila.     (Cf.  Figa  62-69.) 

When,  therefore,  it  -was  generally  thought  that  the 
main  object  of  the  germ-history  of  Vertebrates  was  to 
derive  the  later  organization  of  these  from  a  primitive, 
fiat,  discoid  form,  the  two-layered  germ-disc  (or  the  three- 
layered  germ-shield),  a  grave  error  was  committed."  Foi 
this  flat,  circular  germ-disc,  and  the  flat,  sole-shaped  germ- 
shield  which  arose  from  the  former,  are  phylogenetic  form- 
ations, which  arose  only  secondarily,  in  consequence  of  the 
accumulation  of  a  large  mass  of  nutritive  yelk  in  the 
primitive  intestine  of  the  primary  Gastrula  ;  and  so  when, 
at  a  later  period,  the  dorsal  aide  of  the  flat  germ-shield 
arches,  and  its  edges  bend  towards  each  other  and  coale.sce 
into  tubes  on  the  vential  side,  the  process  is  neither  pi-imary 
nor  secondary,  but  *«rtiar^', 

A  right  conception  of  the  formation  of  the  intestine  is 
evidently  the  real  point  on  which  a  thorough  knowledge  of 
these  important  germinal  processes  depends.  The  greatest 
difficulties  are  solved  when  a  clear  and  correct  conception 
of  the  formation  of  the  intestinal  canal  has  been  acquired. 
For  the  primitive  intestine  is,  according  to  the  Gastnca 
Theory,  the  earliest  and  the  most  important  organ  of  the 
animal  body.  In  order  to  gain  this  clear  idea  of  the  forma- 
tion of  the  intestinal  tube  and  the  parts  attached  to  it,  it  is 
especially  necessary  to  note  accurately  the  important  modi- 
fication undergone  by  the  intestinal-glandular  layer  of  the 
mammalian  germ.  This,  as  has  been  said,  is  at  first  a 
simple  layer  of  cells  (an  epithelium),  which  lines  the  inner 
lurCace  of    the  globular   intestinal  germ-vesicle.      It  is  a 
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Ample  globule,  the  wall  of  which  consisto  of  a  simple  layer 
of  bomogeneoUB  cclla  (Fig.  100,  A  lUl).      The  tiret  change  in 


jelk  Mc.  ircn  in  nrclioa  (diKfn^oimalir),  A.  T\\r  irprni  dioo  (A.  A/)  Mr*  «i. 
tonded  nn  one  iideot  the  iii(«atinBlgenii-T(wio1e  {ib],  I?.  In  Iha  oontreof  the 
fcvrm-dinc  the  medutlu'j  (uirow  (mr),  juid  nndcr  Ihal  tbo  nntoohon)  (rli) 
■  pppu.  ('.  TheintpMlinnl  flhnnis  laypr  (>!/)  hw  firomn  rodnd  Ihf  inlcolinal. 
ftlmndnUr  Ujir  iAI).  O.  Hkin-Abroqi  la^frr  (h/|  mad  inlMtinsl.Hbmiu  Urrr 
(<V)  part  niunci  Ibc  riri-UDirori'nca  of  the  germ. dice  ;  the  inleiline  {d)  tH-ftii<a 
to  ■or'*""e  ''•"-<'  fr^'"'  the  yclk-uc  or  u.i-l.tmcle  (nb).  fc'  The  inlpi>lin»l 
taW  (mO  in  rl'>iipd  1  the  Uody-cmity  (<■)  l»([in»  In  form.  F.  The  priniitiie 
Tert^bm  (»>)  appou",  the  intoatine  (dl  ia  almMt  oompletflj  cluaed.  (7, 
The  primJiivD  Tprtrbm  (ip)  bpf^n  U>  ifrovr  round  the  mpduLLarj  tubr  (tHr) 
and  Iho  n<4"('hi>n]  (rh)  i  the  inlpatinp  <d)  ia  ai-paratrd  fnim  IW  nnvi'l. 
reaicle  (nb).  H-  Tho  rertebna  (»;)  ban>  onch-anl  the  mHuIlary  Inbr  («,r) 
and  tho  ni'liichuni  U'')  ■  the  bodj.cari(;  (r)  w  cloaed  i  the  naTol  Tciicle  haa 
diaappcariHl.     The  amnion  and  iiituui  mpnilirane*  an-  oniittivl. 

In  all.  thi-  leltcra  indiralc  the  ramp  purta  :  fc,  hnrn.pUlP  ;  mr.  mnltillary 
tube :  M,  ikin.fibn-ai  lajer ;  <•;  priDiitiri'  Tertebra' ;  rA,  mtochonl ;  i,  bodjr. 
oatilj-  \  •'/,   iiiti'iitiiial.fibmaH  larrr  -.  dd,  in  teatitia  I -glandular  lajnr ;    d,   iu- 


"■ily  ; 


tTe1-T< 


licle. 
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this  gloltular  formation  is  that  at  one  point  in  the  germ 
disc,  immediately  below  the  notochord,  and,  therefore,  below 
the  axis  <^  the  developing  body,  a  furrow^Iike  depression 
arisea  This  is  the  primitive  groove  (Fig.  100,  £).  It  gradually 
becomes  deeper  and  broader,  assumes  the  form  of  a  canal, 
and  completely  aeparatea  from  the  germ-vedicle,  of  which 
it  originally  formed  a  part  (Fig.  100,  D—H).  At  first 
the  whole  intestinal  germ-ve&ide  is,  in  a  certain  sense,  the 
intestinal  cavity.  We  may,  therefore,  comj)are  the  entire 
intestinal  germ  veaicle  of  the  Mammal,  the  wall  of  which, 
closed  on  all  sides,  is  formed  by  the  intestinal  layer,  with  the 
primitive  intestine  of  a  Gastrula,  the  primilivc  mouth  of 
which  has  closed.  This  primitive  intestine  separates  into 
two  parte,  the  permanent  after-intestine  (J),  and  the  tran- 
sient navel-vesicle  {nb). 

This  is  also  true  of  the  formation  of  the  intestine  in 
Birds  and  Reptiles.  For  in  these,  the  large  yelk-sac,  filled 
with  nutritive  yelk,  represents  the  smaller  mammalian 
navel- vesicle,  filled  with  clear  liquid.  In  Biids  and  Reptiles 
again,  the  later,  permanent  intestine  also  sepaiatcs  itself 
from  the  yelk-sac  by  the  intestinal  groove  changing  into  a 
canal,  into  the  intestinal  tube.  This  tube  is  foimcd  from 
the  intcstinal-fun-ow  in  the  same  way  as  the  medullaiy 
tube  originates  from  the  dorsal  furrow.  The  groove  giows 
deeper  and  deeper ;  its  edges  grow  downwards  towards  each 
other,  and  coalesce  at  the  point  at  which  they  meet.  But 
the  difference  between  the  structure  of  the  intestinal  tube 
and  that  of  the  medullary  tube  consists,  aa  we  have  shown 
in  the  fact  that  the  medullary  tul>e  is  closed  equally  along 
its  whole  length  in  a  suture,  while  the  intestinal  tube 
grows  together  more  concentrically,  not  only  from  the  tw« 
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edges,  but  the  ends  also  come  together  with  tlie  edges  which 
close,  and  t'oi*m  a  navel. 

With  this  concentric  clasing  of  the   intestinal  tube  is 
eonnected  the  formation  of  two  cavities,  whicli  are  called 
the  head  intestinal  cavity  and  the  pelvic  intestinal  cavity. 
When  the  embryo  gradually  becomes  detached    from   the 
wall   of  the  germ-vesicle,  on  which  it  at  fii"st  lies  flat,  the 
anterior  and   posterior  ends  are  the   first  to  be  released, 
while  the  central  portion  of  the  ventral  siuface  continues 
attached   to  the  yelk-sac  by  the  yelk-duct,  or  navel-duct 
(Fig.  101,  m).     In  the  mean  time  the  dorsal  surface  of  the 
body   becomes  much  arched ;   the  head  end,  on  the  other 
hand,  bends  downward  and  against  the  breast,  while  the 
tail  end,  in   the  same  way,  presses  against   the  abdomen ; 
the   embryo   tries  to   roll   itself  together,  as  a   hedgehog 
makes  itself  into  a  ball  to  ward  off  its  enemies.     This  arch- 
ing of  the  back  is  caused  by  the  quicker  growth  of  the 
dorsal  surface,  and  is  directly  connected  with  the  detach- 
ment of  the  embryo  from  the  yelk-sac  (Fig.  101).     In  the 
head  there  is  no  separation  between  the  skin -fibrous  layer 
and  the  intestinal -fibrous  layer,  as  is  the  case  in  the  trunk, 
but  the  two  layei-8  remain  attached  and  form  the  so-called 
"head -plates."      Now  as  these  head-plates  free  themselves 
at  a  very  early  period  from  the  surface  of  the  genn-area, 
and    grow,  first    downwaitl    toward    Uie   surface    of   the 
intestinal   germ-vesicle,   and   then    backwards  toward    the 
point, at  which  the  latter  passes  into  the  intestinal  groove; 
a  dmal!  cavity  is  thus  formed  within  the  head  portion,  which 
represents  the  foremost  blind   end  of  the  intestine.     This 
is  tlie  small  head  intestinal  cavity  (Fig.  102,  to  the  lefl 
of  d) ;  its  opening  into  the  middle  intestine  is  called  the 
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anterior  "  intestinal  gate "  (Fig.  102,  at  S).  Just  in  the 
same  way  the  tail  curves  back  against  the  ventral  surface ; 
the  int<;atinal  wall  then  encloses  posteriorly  a  similar  small 


FiQ.  101.— LonftitadinalBection  tbronRh  the  embryo  of  a  Chick  (fifteenth 
daj  of  incnbatioD).  Eoibrjo  witb  arched  donml  sarrace  (black)  :  d,  intes- 
tine;  0,  mouth',  a,  addb;  I,  longa  i  h,  lirer ;  g,  mesenterj  ;  v,  anricle  ot 
heart;  k,  ventricle  of  heart;  b,  arterial  arohee;  t,  aorta;  c,  yelk-sac;  m, 
yelk-daot ;  «,  allanloie  ;  r,  Blslk  ot  Bllantoie  j  n,  amnion  ;  tu,  amnion- 
oavity  ;  <,  eenniB  membrane.     (Aft«r  Baer,) 

cavity,  the  hind  end  of  which  is  blind;  this  is  the  pelvic 
intestinal  cavity.  Its  opening  into  the  middle  intestine 
is  the  "  hind  intestinal  gate." 

In  consequence  of  these  processes  the  embiyo  assumes  a 
forui  resembling  a  canoe  lying  bottom  upwai^d.  Imagine  a 
canoe  With  rounded  ends,  and  fitted  with  a  little  deck  fore 
and  aft;  then  turn  this  canoe  upside  down,  so  that  its 
arched  bottom  is  uppermost:  this  afTords  an  approximate 
representation  of  this  canoe-shaped  embryo  (Fig,   101,  e). 


THE   OEUM-VESICLE   BECOMES  THE   YELK-SAC. 


337 


The  reversed  convex  keel  represents  the  niidille  line  of  the 
l>ack ;  the  little  chainl)i'r  umler  the  fnreMleck  rejires^'nts 
the  head  intestinal  cavity,  and  that  under  the  after-deck 
the  pelvic  intestinal  cavity,     ((/f.  Fi^^  1)4,  p.  312.) 


Fio.  102.--I»nj^itiulinal  section  thnuijrli  tho  front  Imlf  of  a  chick 
(at  tho  end  uf  tho  firnt  day  of  incubation),  Koeii  from  tho  left  side  :  k,  head- 
platet* ;  c/i,  nutocbord ;  above  tho  lattor,  the  blind  fix>nt  end  of  the 
medullary  tuln*  (»ur)  ;  U^low  it  tho  bend  intestinal  cavity,  tho  blind  front 
end  of  tho  intc^stinal  tiil>e ;  (/,  intestinal-glandular  layer;  c^,  intestinal- 
fibrous  layer;  k^  horn-plate;  hh^  heart-cavity;  /iJL,  heart.c^> ;  ks,  head- 
sheath  ;  kk,  hea^l-cap.     (After  liemak.) 

With  its  two  fn»e  ends  the  emhrvo  now  presses 
somewhat  into  the  external  surface  of  the  ^mi-vevsicle, 
and  at  the  .same  time  lifts  the  mid«lle  poilinn  away  from  the 
germ-vesicle.  The  eonsfM|uenee  i><  that  the  j^erm-vesicle 
soon  appears  to  lx»  merely  a  poueh-sha|MMl  ap|H*ndaf^e  pro- 
truding from  the  middle  of  the  ho«ly.  This  ap|x»nda<ife,  which 
continues  to  decivase  in  siz«',  is  afterwards  calKnl  the  yelk- 
sac,  or  navel-vesich*.  C(  T  Fi^  1»4.  ,.  ..  dM\  Fitr  1(K),  ami  Plate 
V.  Fig.  14)  Tlie  cavity  of  this  yrlk-sae.  or  cavity  of  the 
germ-vesicle,  communicaU's  with  the  ^n*r»wing  intestinal 
cavity  through   a  witle   cimnecting  a|K»rture,  which  after- 
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wvtts  extends  into  a  long  narrow  canal,  the  yelk-duct 
Let  ua  suppose  we  are  within  the  cavity  of  the  yelk-sac ; 
we  may  then  pass  from  it,  through  the  yelk-duct  (Fig.  101,  m), 
directly  into  the  middle  part  of  the  intestinal  canal,  which 
is  still  wide  open.  If  from  there  we  pass  on  into  the 
bead  portion  of  the  embyro,  we  reach  the  head  intes- 
tinal cavity,  the  anterior  end  of  which  is  blind.  If,  on  the 
other  hand,  we  pass  from  Uie  middle  of  the  intestine  back- 
wards into  the  tail  portion,  we  reach  tJie  pelvic  intestinal 
cavity,  the  hind  end  of  which  is  blind  (Fig.  94,  3).  The 
first  rudiment  of  the  intestinal  tube  now  consists,  therefore, 
strictly  speaking,  of  three  distinct  sections :  (1)  the  head 
intestinal  cavity,  the  bind  end  of  which  opens,  through  the 
front  intestinal  gate,  into  the  middle  intestine ;  (2)  the 
middle  intestinal  cavity  which  opens  downwards,  through 
the  yelk-duct,  into  the  yelk-sac ;  and  (3)  the  pelvic  intes- 
tinal cavity,  the  front  of  which  opens,  through  the  posterior 
intestinal  gate,  into  the  middle  intestine. 

At  first  the  mouth  and  anal  openings  are  wanting. 
The  whole  primitive  intestinal  cavity  is  entirely  closed,  and 
is  only  connected  in  the  middle  by  the  yelk -duct  with  the 
cavity  of  the  intestinal  germ-vesicle,  which  is  also  closed 
(Fig.  94,  a).  The  two  future  openings  of  the  intestinal 
canal,  the  anal  opening  and  the  mouth-opening,  form  only 
secondarily,  on  the  outside,  and  from  the  outer  skin; 
that  is  to  say,  a  groove-like  depression  arises  in  the  hom- 
plato  at  the  point  where  the  mouth  is  afterwards  situated, 
and  this  grows  deeper  and  deeper,  growing  towards  the 
blind  front-end  of  the  head  intestinal  cavity :  this  is  the 
mouth-groove.  A.  similar  groove-like  depression  appears 
posteriorly  on  the  outer  skin,  at  the  point  where  the  anus 
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is  afterwards  found,  and  this  also  grows  continually  deeper 
and  towards  the  blind  anterior  end  of  the  pelvic  intestinal 
cavity ;  this  is  the  anal  groova  At  length  the  innermost 
and  deepest  parts  of  these  grooves  touch  the  two  blind  ends 
of  the  primitive  intestinal  canal,  from  which  they  are  now 
only  separated  by  a  thin  membranous  partition  wall 
Finally,  this  thin  skin  is  broken  through,  and  the  intestinal 
tube  now  opens  outward  in  front  through  the  mouth- 
opening,  and  in  the  rear  through  the  anal  opening  (Fig. 
94>,  4 ;  101).  At  first,  then,  we  really  have  before  us,  if  we 
look  into  these  grooves,  a  partition  wall  separating  them 
from  the  cavity  of  the  intestinal  canal,  and  it  is  only  later 
that  these  partitions  disappear.  The  mouth  and  anal 
openings  develop  secondarily. 

The  remnant  of  the  intestinal  germ-vesicle,  which  we 
have  called  the  navel-vesicle,  or  yclk-sac»  grows  smaller  and 
smaller  as  the  intestine  develops,  and  finally  hangs  like  a 
small  pouch  from  the  middle  of  the  intestine  by  a  slender 
stalk,  by  the  yelk-duct  (Fig.  94^,  0  ds).  This  yclk-duct  is 
of  no  permanent  importance,  and,  like  the  yelk-sac  itself,  is 
completely  degraded  and  absorbed.  Its  contents  are  absorbed 
by  the  intestine,  and  the  yelk-duct  itself  closes.  The  place 
at  which  it  attaches  itself  to  the  navel  is  the  intestinal 
navel  The  complete  closing  of  the  intestine  finally  takes 
place  at  this  spot  (Cf  Chap.  XII.,  and  Plate  V.  Fig 
U.  15.) 

Just  as  the  intestinal  tube  arose  from  the  vegetative 
germ-layer,  so  from  the  animal  germ-layer  arises  the  outer 
ventral  wall,  which  surrounds  the  entire  body-cavity 
(ccsloma),  and  includes  the  intestine  It  develops  from  the 
outer  portions  of  the  side-layera    As  has  been  already 
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observed,  these  side-layers,  which  for  a  time  were  separated 
from  the  primitive  vertebral  cords,  afterwards  again  adhere 
to  the  hitter.  While  the  inner  portion  of  the  aide-layers 
(belonging  to  the  inteatinal-fibrous  layer)  is  thus  forming 
the  external  wall  of  the  intestine,  the  outer  portion  of  the 
same  layers  (belonging  to  the  skin-fibrous  layer)  growB  in 
&  circle  round  the  intestine,  thus  closing  the  body-cavity 
(Fig.  100,  p.  333).  The  edges  of  the  ventral  plates,  aa  these 
portions  of  tiie  side-layers  are  called,  grow  toward  each 
other  from  all  sides,  continually  narrowing  the  slit-like 
ventral  opening,  from  which  the  yelk-sac  depends.  Finally, 
the  latter  is,  in  Mammals,  completely  separated  from 
the  intestine  by  the  closing  of  the  ventral  plates,  while  in 
Birds  and  Reptiles  it  is  taken  into  the  intestine.  This  point 
at  which  the  ventral  wall  finally  closes — the  last  point  of 
coalescence — is  the  ventral  navel,  the  externally  visible  skin- 
navel,  which  is  commonly  briefly  called  the  navel.  This 
must  be  distinguished  from  the  inner,  or  intestinal  navel, 
which  is  the  point  at  which  the  intestinal  canal  closes,  and 
of  which  no  trace  can  afterwards  be  found.  With  the 
closing  of  the  intestinal  tube  and  of  the  ventral  wall, 
the  double  tubular  form  of  the  vertebrate  body  is  com- 
plete. 

A  few  words  must  still  be  said  concerning  the  modifica- 
tions which,  while  these  processes  are  going  on,  take  place 
in  the  primitive  kidneys  and  in  the  blood-vessels.  The 
primitive  kidneys,  which  at  first  lie  quite  superficially  just 
below  the  outer  skin  (eptdermie.  Fig.  99.  ung),  soon  penetrate 
far  into  the  interior  in  consequence  of  peculiar  conditions  of 
growth  (Figs.  95, 96,  ung,  pp.  317, 318) ;  at  last  they  lie  very 
far  within,  underneath  the  chorda  dorsalU  (Fig.  97, un,  p.  318) 
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Similarly  the  two  primitive  aortae  penetrate  within, 
helow  the  notochord,  and  there  eventually  amalgamate 
and  form  a  single  secondary  aorta,  which  is  situated  under 
the  rudimentary  vertebral  column.  (Cf.  Figs.  95-98,  ao.) 
So,  too,  the  cardinal  veins,  the  first  rudiments  of  the 
venous  blood-vessels,  penetrate  further  inwards,  and  after- 
wards lie  directly  over  the  primitive  kidneys  (Fig.  97,  vc). 
In  the  same  locality,  at  the  inner  side  of  the  primitive 
kidneys,  the  first  rudiments  of  the  sexual  organs  soon 
become  visible.  The  chief  portion  of  this  apparatus,  apart 
from  all  its  appendages,  is,  in  the  female,,  the  ovary — in  the 
male,  the  testea  Originally  both  these  appear  in  the  form 
of  a  simple  hermaphrodite  gland,  formed  from  a  small  por- 
tion of  the  coelom-epithelium,  the  cellular  lining  of  the  body- 
cavity,  at  the  point  of  contact  between  the  skin-fibrous  layer 
and  the  intestinal-fibrous  layer.  It  is  only  secondarily  that 
this  hermaphrodite  gland  seems  to  connect  itself  with  the 
primitive  kidney  ducts,  which  lie  very  close  to  them,  and 
which  are  very  importantly  related  to  the  sexual  glands. 
(Cf.  Chap.  XXV.,  and  Plate  IV.  Figs,  5-7.) 

We  will  now  leave  the  transverse  sections  of  the  verte- 
brate body,  the  comparison  of  which  has  been  so  ex- 
tremely instructive  and  important,  and  by  means  of  which 
we  have  solved  the  hardest  problem  of  germ-history,  the 
problem  as  to  the  part  taken  by  the  germ-layers  in  the 
formation  of  the  body.  In  place  of  those,  we  will  now 
examine  the  longitudinal  form  of  the  rudimentary  embryo 
of  the  mammalian  body,  partly  superficially,  and  partly  iu 
various  longitudinal  sections. 

Let  us  now  examine  the  surface,  from  the  dorsal  side,  of 
that  very  simple  embryonic  form  which  we  called  the  eole- 


FlQB.  103--5.~L7re-Bh»pod  germ-shield  of  k  Cliick,  in  throo  consecntive 
atagos  of  iloTelopmeDl,  aeea  From  Iho  donal  snrfaoe  (ikboaC  20  times  the 
natnml  eiio).  Fis.  103,  with  six  paira  of  primitive  vertehrm.  Bniin  is  B 
Bimplo  bUddpT  {hb).  Tho  spinal  furrow  is  open  behind  a  i  at  the  posterior 
end  it  is  rory  wide  open  at  i ;  mp,  medallarj  plates ;  fp,  side-plates ;  y, 
limit  between  throat-cavity  (ch)  and  head-inteatiDe  (I'J).— Fig.  104.  with 
10  paira  of  primitive  yertebne.  The  brain  ha«  pnrtwl  into  three  bladders  ; 
V.  Tore-brain  ;  ni,  mid-braia;  h,  hind-brajii ;  c,  heart ;  dv,  yrlk-TeJnii.  The 
mcdnllary  rarron  contioaes  wide  open  at  the  poaterior  cod  (i)  ;  tap,  mcdal- 
lary  platea.— Pi^.  105.  with  16  pairs  of  primitive  vert-jbne.  The  brain  hfte 
parted  into  fire  bladders  :  v,  fore-brnio  i  i,  iwixt-liruin  ;  m,  mid-brain ;  h, 
hiiid.hmin  ;  n.  after -bra  in ;  n.  eye-blnddcrs ;  <f,  ear-i-osiclcB ;  c,  lionrt;  dv, 
jelfc-veios  ;  inp,  medullary  plntes  ;  ii.c,  primitive  Tertebne, 
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shaped  or  lyre-shaped  germ-shield  (Figs.  86,  87.  p.  298).  In 
the  middle  line  of  its  dorsal  surface  the  primitive  groove 
first  made  its  appearance,  enclosed  by  the  two  parallel 
dorsal,  or  medullary  swellings.  The  coalescence  of  these 
formed  the  medullaiy  tube.  When  we  examine  the  further 
modifications  of  this,  we  very  soon  perceive  a  difference 
between  the  formation  of  the  anterior  and  that  of  the 
posterior  ends.  At  the  anterior  end  in  Blan,  as  in  all  the 
higher  Vertebrates,  the  brain  very  soon  begins  to  separate 
or  difrei*entiate  from  the  medullary  tube.  The  first  rudi- 
ment of  the  brain  is  merely  a  roundish,  bladder-like  pro- 
tubei-ancc  of  the  vertebral  canal  (Fig.  103,  hb).  Very  soon, 
however,  this  bladder  is  divided  by  two  circular  contrac- 
tions of  its  circumference,  into  three  consecutive  vesicles, 
the  so-called  primitive  brain  bladders  (Fig.  104,  1;  m  h). 
Two  other  similar  contractions  then  app<*ar,  so  that  we  now 
find  five  brain -bladders  in  a  row  (Fig.  105).  This  is  the 
mode  of  development  of  the  brain  in  all  Mammals,  from  the 
simplest  Fishes  to  Han.  In  all,  we  find  a  simple  vesicle  a» 
the  first  rudiment  of  the  brain,  which  is  afterwards  parted, 
by  contractions  in  ito  circumference,  into  five  smaller 
bladders.  Though  the  brain,  as  the  oi^n  of  the  soul  and 
the  mental  activities,  afterwards  develops  in  various  Verte- 
brates  in  such  very  various  ways,  yet  the  first  rudiment 
is  of  this  simple  and  homogeneous  fonn.  This  is  a  fact  uf 
the  highest  importance. 

Directly  below  the  medullary  tube,  in  tlie  lyre-shaped 
gcrro-shield,  we  found  the  notochord.  Right  and  left  of  the 
notochord  the  two  parallel  primitive  vertebral  cords  had 
split  away  from  the  side-layers.  But  while  the  five  brain- 
bladders  are  becoming  distinct  at  the  anterior  end  of  the 


344 


TUE   EVOLUTION   OF  MAN. 


r 

■  34^ 

H  medullary  tube,  the  two  i»rimitive  vertebral  corda  in  the 

■  centre  of  the  primitive  germ  break  up  into  a  number  of 
H  pieces,  lying  one  Ijeliind  another,  and  resembling  small 
H  cubes  on  each  side  of  the  medullaiy  tube.  Two  paira 
H  usually  first  make  their  appearance  simultaneously.     Then 

H  ^^^^^^^^^^^^^^^Bi  FiG.106-109.-TliL-Gertr- 

B  ^^^^^^^BB^^M^^^^^^^^H  K*^rm  -  area    with    tba 

e  Impel]  germ -shield),  bogh 
from  the  dorsal  siirriice,  in 
four  □□nsccutivD  stipes  of 
1  (iiboiit  ton  timoa 
Die  natural  aiic).  (After 
Biaahciff.) 

In  Fig.  106llieei.ibrjo(l.l 

vertebne ;  llie  open  doresl 
furrow  (a)  anrrouuded  bj 
B  naiTow  light  germ -area 
(a.  peHucida,  it),  in  the 
middle   of   the   dork   germ- 


In  FiR.  107  seven  pri. 
luitire  Tcrlebm  (c)  may 
ulroodj  boaoen;  the  dorsal 
furi-on-  is  cloaed ;  the  Grut 
ruilimuiiC  of  the  brKiu  (a), 
n  bcnin-blsdder.  behind 
wbioh  a  aeeund  ( b)  is  form. 
iii^;,  in  ariaiug  -,  the  light 
germ-area  is  now  only 
visible  at  tho  anterior  end, 
in  the  form  »f  a  dark  aiolcte- 
H)iap(ul  body  oD  a  black 
ground. 
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a.p]>ear  Uirce,  four,  and  five  paira,  and  finally  &  larger  numlter 
uf  these  pieces,  wliicli  are  called  the  primitive  vei-tebnc. 


In  ¥\g.  lOSIIiocm- 
brjo  h&a  c>t(ht  primi- 
tive Tpriebm  aad 
Ihrco  braiii-lilaUdotBi 
tlie  lin.t  bi-ikin.blidder 
(b)  iiliowi  L<ro  l&t«nl 
prutubcrancci,  Ilia 
fint  mil i menu  of  the 
eje-bladden  (r)  ;  tbo 
■acmd  (il)  uid  the 
third  (0  brain -blad- 
der* are  much 
amallor;  s  indicates 
the  ndgv  of  tbc  )ioiid- 
abealh  uf  liio  amuiun. 


loFig.  KKItho 

primilirc  titIc- 
Irai  ID  thoK>*rDi- 

of  blood.  T,'BivU 
appear,  buuuUvd 
bjlbrvomfn-.iri. 
■ali,  (u).  Mad- 
■heath,  bb,  hrad- 

■heatb     uf     the 

amniou;  tb<' fuldi 
in  tb«  latter  iiuli- 
c*to    (bo    Kroiu 
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In  Fig.  107  there  are  seven,  in  Fig.  108  there  arc 
eight,  and  in  Fig.  109  ten  pairs  of  primitive  vertebrae.  Their 
number  afterwards  increases  considerably,  amounting  in 
Man  to  upwards  of  thirty.  As  we  shall  presently  see,  out 
of  each  pair  of  these  primitive  vertebral  segments  an  indi 
vidual  section  of  the  trunks  a  metameron,  develops.  Each 
pair  of  primitive  vertebrae  is  not^  as  the  name  seems  to 
indicate,  merely  the  rudiment  of  a  future  vertebra,  but,  in 
addition  to  the  vertebra^  the  appropriate  muscles  also 
develop  from  it,  as  does  a  pair  of  nerve-roots,  etc.  It  is 
only  the  innermost  portion  of  the  primitive  vertebra,  the 
part  lying  next  to  the  notochord,  that  gives  rise  to  the 
rudiment  of  the  articulated  vertebral  column,  extending 
from  the  cranium  to  the  tail,  and  composed  of  a  number  of 
bony  vertebral  rings.*® 

The  breaking  up  of  the  vertebral  cord  into  a  double 
chain  of  primitive  vertebral  segments,  or,  briefly,  the 
forming  of  the  metamera,  is  of  the  greatest  importance, 
because  it  is  in  this  process  that  the  body  of  the  Vertebrate 
passes  from  its  originally  inarticulate  to  its  permanent 
articulate  conditions.  The  developed  Vertebrate  is  composed 
of  a  chain  of  homogeneous  parts,  lying  one  behind  another 
precisely  as  are  the  Articulated  Animals  (Arthropoda). 
In  the  latter  class,  in  Crabs,  Spiders,  Millipedes,  and  insectn, 
this  articulation  is  very  clearly  marked  externally,  the 
skin  between  each  two  members  (metamera)  having  a  ring- 
shaped  contraction  or  dent  round  the  circumference  of  the 
body.  In  Vertebrates  the  articulation  of  the  body  is  equally 
complete,  but  it  does  not  appear  externally,  though  internally 
it  is  fundamental  Every  Vertebrate,  in  its  perfect  state,  is 
au  articulated  person.     Its  personality  forms  a  chain  of 
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members,  metamera,  or  trunk-e^ments.  In  the  same  way 
hi  which  the  articulate  and  the  externally  articulated 
Worms  developed  from  an  inarticulate  condition,  so  t)ie 
inlcmally  articulated  Vertebrate  proceedwl  from  an 
originally  inarticulate  condition.  Wc  shall  presently  ex- 
amine more  closely  the  living  representative  of  this  con- 
dition, the  Aacidia,  a  remarkable  class  of  inarticulate  Worm 
forma.     (Chapters  XIII.  and  XIV.) 

Tbia  process  of  articulation  or  mctameric  formation  Is,  I 
repeat,  of  the  highest  importance  in  enabling  us  to  nnder- 
stand  each  higher  animal  form,  not  only  in  its  morpho- 
logical, but  also  in  its  physiolo^cal  relations.  This  articu* 
lation  is  one  of  the  most  im{K)rtant  conditions  necessary 
to  perfection :  it  is  one  of  the  principal  causes  of  the 
complex  body-f unctions  of  higher  animals.  The  inarticulate 
animal  can  never  attain  so  high  a  degree  of  perfection  in 
form  or  in  function  as  the  articulated.  And  the  reason  is 
plain.  These  membera,  or  metamera,  are,  in  a  certain  sense, 
independent  individuals.  By  division  of  labour,  these 
originally  homogeneous  individuals  develop  into  tlie  different 
parts  of  the  composite  body-person,  just  as  the  embryonic 
cells  fashion  themselves,  in  consequence  of  division  of  labour, 
into  tlie  various  tissuca  The  body  of  articulated  animals 
may  be  likened  to  a  railway  train,  in  which  the  individual 
carriages,  held  together  by  the  couplings,  represent  the 
metamera.  The  engine  is  the  head  of  this  articulated 
organism.  Then  come  tender,  mail-van,  luggof^c-vana, 
passengcr-caniagea,  eattle-tmcki.  et&  Each  separate 
waggon  or  carriag*  is  morphologically  an  individual,  and 
physiologically,  yet  the  oitire  chain  presents  only  a  single 
individual,  the  railway  train.     As  in  this  immnce  uie 
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yarions  functions  are  distributed  among  the  various  kinds  of 
carriages  —  functions  which  each  separate  carriage  can- 
not discharge  simultaneously — so  in  the  articulated  animal 
body  the  division  of  labour  among  the  raetamera  of  the 
trunk  must  be  regarded  as  a  material  advance. 

The    best    explanation    of   the    nature  of   metamerio 
formation  is  afforded  by  the  articulated  Worms,  especially 
the  Tape-worms  and  the  Ringed-worms  {Armdida),     In 
these  the  members,  or  metamera^  composing  the  ringed  body, 
ore  all  of  the  same  structure  and  of  the  same  form-value. 
The  first  member,  the  head,  alone  seems  to  be  differently 
formed  and  more  or  less  differentiated.    In  many  Tape- 
worms the  various  members  are  so  independent,  that  many 
zoologists  regard  each  separate  metameron  as  an  individual 
animal,  and  the  whole  chain  of  members  as  a  colony  Oa 
animals.    In  a  certain  sense  this  is  quite  correct,  in  so  far 
as  each  separate  metameron  is  an  individual  of  a  lower 
order,  while  the  chain,  composed  of  many  metamera,  is  an 
individual  of  a  higher  order.     But  in  proportion  as  the 
separate  members  relinquish  their  independence;  in  pro- 
portion  as  they  become  differentiated  in  consequence  ol 
division  of  labour,  and  become  dependent  on  each  other 
and  on  the  whole  body,  and  in  proportion  as  the   latter 
becomes   centralized,  the   more    perfect    does    the    entire 
unitaiy  organism  become.     In  most  Articulated  Animals 
{ArthropodcC),  and  in  all  Vertebrates,  centralization  has  so 
far  progi'cssed  that  the  individual  metamera  are  no  longer 
of  any  im|>ortance  in  themselves  alone,  and  are  to  be  con- 
sidered merely  as  the  necessary  component  parts  of  the 
entire  chaia 

When  we  investigate  the  origin  of  the  metameric  chain 
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in  ihe  Worms,  we  find  that  it  results,  in  conscquenoe  of 
repeated  asexual  generative  processes,  in  consequence  of 
what  is  called  tcrnun<al  budding,  from  an  orij^inally  inarticu- 
late Worm-body,  which  is  equivalent  to  asin«^le  nu^tanieron. 
Thus  the  Tape-worm  embryo  is  at  fii-st  all  hcavl  and  on 
this  head,  which  is  only  equivalent  to  a  single  nietaincron, 
repeated  budding  gives  rise  to  one  metameron  after  another; 
all,  however,  remain  connected.  So,  too,  in  the  Ringed 
Worms  (Annelida)  the  originally  inarticulate  body  puts  out 
numerous  buds  from  its  posterior  extremity,  thus  giving 
rise  to  the  long  articulated  chain.  Such  is  the  nature  of 
this  process,  which,  however,  in  the  germ-history  of  Articu- 
lated Animals  and  Vertebitites  appears  much  conrpressed 
and  secondarily  modified.  Originally,  however,  every  ver- 
tebrate animal  is  just  such  a  mctameric  chain,  which  has 
arisen,  in  consequence  of  terminal  budding,  from  an  in- 
articulated  germ  * 

As  the  metamera  arise  in  this  way,  it  will  readily  be 
understood  that  the  anterior  primitive  vertebnu  are  earliest 
found.  Such  is  indeed  the  case.  The  earliest  primitive 
vertebnc,  which  are  situated  about  the  centre  of  the  germ, 
are  the  first  and  second  neck-vertebne.  Then  a)me  the 
third  and  fourth  neck-vertebnc,  and  so  on.  Each  primitive 
vertebral  segment  in  ita  turn  soon  produces,  by  the  process 
of  budding,  a  new  metameron  at  its  |)OKtorior  extremity, 
till  the  chain  is  complete.  The  entire  jointed  Inxly  grows, 
therefore,  in  a  direction  from  front  to  rear.  In  this  way 
the  articulated  vertebral  column  of  Man  is  at  length  pro- 
duced (Figs.  110,  111).  In  the  developed  Han  it  is  composed 
of  the  cranium,  with  a  chain  of  thirty-three  or  thirty-four 
different  vcrtebrse :  viz.,  seven  neck-vertebrae,  twelve  chest- 
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Tertebno,  to  which  ihe  ribs  are  attached,  five  Inmtar-' 
vcrtobne,  five  crosa-vcrtebrtB  (inserted  into  Uie  pelvis),  and 
four  or  five  tail-vertebna  Eacli  of  tlicse  repi-ciciita  a 
coiTesponding  section  of  the  nervous,  muscular,  and  vascular 
syatema,  etc 

A  further  consequence  of  the  mode  of  development  of 
thu  metamera  is,  that  nearly  the  whole  front  half  of 
tlio  lyre-Bhaped  germ-shteld  (Figs.  103,  107)  mustre  present 
the  future  head.  The  seven  primitive  vertebr»  which 
oocnpy  the  third  quarter  of  the  whole  length,  form  the  neck, 
so  that  all  the  rest  of  the  body  originates  (rom  only  the 
fourth  and  last  quarter.  This  proportion  seems  strange  at 
first,  but  its  phylogenetic  explanation,  as  the  result  of  the 
terminal  budding,  is  simple.  The  head  portion  of  the 
vertebrate  animal  must  accordingly  be  regarded  phyloge- 
netically  and  originally  as  the  oldest  portion  of  the  body — 
as  a  group  of  a  few  (six  to  ten)  closely  coalescent  metamera, 
which,  by  continued  budding  at  the  posterior  extremity, 
have  produced  the  remainder  of  the  body.  Tho  tail,  on 
the  other  hand,  is  the  most  recent  part,  the  latest  in  order 
of  development. 

As  has  been  alreaily  observed,  the  articulation  afiecte 
the  entire  body  of  the  Vertebrate,  although  the  skin  shows 
no  external  signs  of  articulation.  The  primitive  vertebral 
piece;  are,  therefore,  not  merely  rudiments  of  futum 
vcrtcbne;  they  are  real  metamera,  or  trunk-segments. 
Kocli  metameroii  first  appears  as  a  nearly  cube-shaped, 
solid,  munclly-bexagonal  body,  entirely  composed  of  cells. 

Fia.  110. — namso  ibelelon,  bum  the  front. 

Fig.  111. — HoQiaD  akeleton,  from  the  right  ndo.    The  trniB  twTO  bocm 
(Both  fignre*  ftfter  Q.  He^erJ 
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These  cells  are  all  the  producta  of  the  8tin-fibroU8  layer. 
At  a.  very  early  period,  a  email  cavity  appeara  in  each  of 
these  solid  primitive  veri^bne,  which  cavity,  however,  soon 
again  disappears.  This  "  primitive  vertebral  cavity  "  (Figs. 
95, 96,  wwh,  pp.  317, 318)  is  worthy  of  note  only  in  so  fiir  as  it 


FlO.  112.— "nratiBTcrae  section  tbrongh  the  embryo  of  &  Chicit  OH  tliD 
foarth  dav  of  iacnbation  (about  100  timpa  the  niLtnrBl  size).  The  rrimitiTe 
TertebTiD  have  aepsTated  iato  the  outer  masclc-plate  (mp)  and  thu  iotirr 
skeleton -ptate.  The  [atter  below,  as  the  vertebral  bodies  (u'''),  begins  to 
BDTToitDd  the  notochord  {ch)  ;  fkbore,  as  tbe  vertebral  arches  (u-b),  begins 
to  snrroaad  the  medullar;  tabe  (m),  tbo  cavity  of  which  (>nh),  ia  already 
TWy  UBiTow.  At  11^  the  primitive  vertebra  paasea  into  tbo  Bkin-miiacle 
pkte  of  the  ventnl  wall  (hp)  -,  hpr,  leather-plate  of  the  dorsal  wall  ;  k, 
horn-plate ;  a,  amnion ;  nnj,  primitive  kidney  duct ;  un,  primitive  nrinary 
CMUtl ;  OA,  primilivo  artei? ;  vc,  cardioal  vein ;  df,  in tCBtinal- fibrous  lajerj 
id,  intestinal -glandular  layer  g  dr,  intestinal  groove. 
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indicates  an  internal  separation  of  the  primitive  vertebra 
into  two  entirely  distinct  parts  :  an  inner  part,  which  forms 
the  skeleton — the  skeleton-plate  (Fig.  95,  uw,  Fig.  112,  tub), 
and  an  outer  [lart,  which  forms  the  muscle — the  musdo 
plate  (Figs.  95,  96,  m,  Fig.  112,  mp) 

The  skeleton-plate  is  formed  of  the  entire  inner  half  of 
each  primitive  vertebra,  immediately  adjoining  the  medul- 
lary tube  (Fig.  112,  wh,  tub).  Its  lower  part,  the  inner 
lower  comer  of  the  cube-shaped  primitive  vertebra,  splits 
up  into  two  lainellse,  which  grow  round  the  chord,  thus 
forming  the  basis  of  the  vertebral  bodies  (wh).  The 
upper  lamella  forces  its  way  between  the  chorda  and  the 
medullary  tube,  the  lower  lamella  between  the  chorda  and 
the  intestinal  tube  (Figs.  68,  69,  p.  276 ;  Fig.  93).  As  the 
lamelliD  of  two  opposite  primitive  vertebral  pieces  come 
together  from  right  and  left  and  unite,  a  ring-like  sheath 
is  formed  round  that  particular  part  of  the  notochord. 
From  this  afterwards  arises  a  vertebral  body,  i.e.,  the 
massive,  lower,  or  ventral  portion  of  the  bony  ring,  which, 
as  a  vertebra  in  the  strict  sense,  suiTounds  the  medullary 
tube  (Figs.  113-115).  The  upper  or  dorsal  half  of  this 
bony  ring,  the  vertebral  arch  (Fig-  112,  tcb)  arises  in  just 
the  same  way  from  the  upper  portion  of  the  skeleton -pinto; 
i,e.,  from  the  inner,  upper  corner  of  tlic  cube-slinped  |irimi- 
tive  vertehra.  The  two  inner,  np|>cr  corners  of  two  oppo- 
site primitive  vertcbne  eoalesee,  from  right  to  left,  over  the 
meilullary  tul)C,  resulting  in  the  closing  of  the  vertebral 
arch.  I>etweon  each  |mir  of  vertehral  arches  ap|M»ar,  at  a 
later  ]>eri(Kl,  the  roots  of  the  spinal  nerves,  which  ariw*  from 
tlie  same  |><»rtion  of  the  skeleton -plate  (Fig.  9S,  y.  r,  p.  31S). 

The  whole  liecondary  vertebra,  which  tlius  results  from 
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the  coalescence  of  the  skeletcm-plates  of  a  pair  of  primitave 
vertebrae,  and  whidi  encloses  within  itself  a  part  of  the 
chorda^  consists  originally  of  a  somewhat  soft  cell-massy  which 
afterwards  passes  into  a  second  firmer,  cartilaginous  state, 
and  finally  into  a  third,  permanent^  bony  state.  These  three 
different  conditions  are  generally  distinguishable  in  the 
greater  part  of  the  skeleton  of  the  higher  Vertebrates ;  at 


Pio.  113  — Third  human  neck-rertebrfu 
Fio.  114. — Sixth  human  chcst-voriebra. 
Fio.  115. — Second  human  lumbar-vertebra. 

first,  most  parts  of  the  skeleton  are  quite  tender,  soft,  and 
membranous;  then,  in  the  course  of  development,  they 
become  cartilaginous,  and  finally  they  ossify. 

All  the  bony  vertebrae  which  afterwards  compose  the 
backbone,  or  vertebral  column,  arise,  as  we  have  already 
observed,  entirely  from  the  inner  portion  of  the  primitive 
vertebrae,  from  the  skeleton-plate.  The  outer  portion,  on 
the  other  hand,  which  we  have  called  the  "  muscle-plate  " 
(Fig.  112,  7nj>),  produces  the  great  mass  of  the  dorsal 
nmscles  (the  dorsal  "  side  muscles  of  the  trunk  "),  as  well  as 
the  leather  skin,  which  covers  the  flesh  of  the  back.  This 
muscle-plate  is  in  direct  communication  with  that  portion 
of  the  sicle-|)lates  which  develops  into  the  ventral  skin  and 
the  ventral  muscles. 
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In  front,  at  the  head  end  of  the  embryo,  the  middle 
leiyer  (mesoderma)  does  not  split  into  primitive  vertcbrso  and 
side-plates,  and  the  original  fibrous  layer  here  remains  un- 
divided, forming  the  so-called  "head-plates"  (Fig.  102,  t,  p. 
337).  From  these  arise  the  skull — the  bony  covering  of  thu 
brain — as  well  as  the  muscles  and  leather-skin  of  the  head. 
The  skull  develops  precisely  in  the  same  way  as  the  mem- 
branous vertebral  column.  The  right  and  left  head-plates 
arch  towards  each  other  over  the  brain-bladder,  enclose  the 
anterior  extremity  of  the  chorda,  and  thus  eventually  form 
a  simple  soft,  membmnous  capsule  round  the  brain.  This 
afterwards  changes  into  a  cartilaginous  primitive  skull, 
similar  to  that  which  is  retained  throughout  life  by  many 
fishes.  It  is  only  much  later  that  the  pennanent  bony 
skull,  with  all  its  diflerent  parts,  is  formed  from  this  cartila- 
ginous primitive  skulL 

In  the  embryo  of  Man,  as  in  that  of  all  other  Vertebrates, 
the  very  remarkable  and  important  structures,  which  are 
called  the  gill-arches  and  gill-openings,  apfiear,  at  a  very 
early  period,  on  each  side  of  the  head  (Plate  I.  Fig.  1,  and 
Figs,  116,  118,/).  These  are  among  the  characteristic  and 
never- failing  oi^ns  of  the  Vertebrates,  for  which  reason 
we  mentioned  them  in  considering  the  typical  primitive 
Vertebrate  (Figs.  52,  53,  p.  25G).  On  the  right  and  left  wall.s 
of  the  intestinal  head-cavity,  in  the  anterior  portion,  lirst 
one,  and  then  several  i>airs  of  sac-like  protuberances  are 
formed,  which  break  through  the  entire  thickness  of  Mic 
side  wall  of  the  head.  They  thus  become  slits  throii;:li 
which  there  is  a  free  passage  from  without  into  the  throai- 
cavity:  these  are  the  gill-openings,  or  throat-opcning»». 
Between  each  pair  of  gill-oi>eniDgs  the  wall  of  the  throat 
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cavity  grows  thicker,  and  ia  changed  into  a  bow-shaped  or 
sickle-ehaped  ridge :  these  are  the  gill-archea ;  on  their 
inner  side  a  vascular  arch  aftenrards  ariites  (Fig.  101,  p.  336). 


Ptns.  116, 117.— Dead  of  a  Chick,  on  tite  third  dft;  of  incobfiticm :  116  is  » 
front  rieiT  ;  117  from  the  right  tide  \  n,  noee-rudimenta  ;  t,  ejo-mdjmanta ; 

g,  eBr-rodimsnta ;  v.  froi it- brain  ;  gl,  fljo-fiBSures.  The  Grgt  <ii  the  threo 
pain  of  gill-opcniogB  ig  Bep&rati»]  into  ou  upper  jaw  procaee  (c)  tuid  a  lower 
jaw  proceaa  («).     (After  KOIIiker.) 

Fig.  118. — Head  of  embrToof  a  dug,  from  the  front;  a,  the  tvro  aide  halve* 
of  the  front  braio-bladdcr;  6,ejo.rudiuicn[B;  c,  middlo  brain-blnddcr;  ds,the 
nrst  pairof  gill-ttrcho5(c,  nppor  jaw  [iruccsB;  d,  lower  jaw  process)  ;  J,f,f, 
the  second,  third,  and  fcurth  pair  of  gill.archea;  ghik,  heart  (j,  right,  h, 
loft  aurblB  1  i,  left,  k,  right  ventricle) ;  1,  origin  of  llio  norta,  with  three 
pairs  of  Borta-archcB,  which  |>asa  on  to  the  gillorohes.     (AftL-r  BiBcholf.) 

Tho  number  of  Uie  gill-arches,  and  of  the  gilI-oi>(!nings, 
which  alternate  with  the  former,  amounts  in  the  higher  Ver- 
tebrates to  four  or  five  on  each  side  {Fig.  118,  e,  d,f,  f,  /'). 
The  lower  Vertebrates  have  a  yet  larger  number.  Origin- 
ally these  remarkable  formations  discharged  the  function  of 
a  breath ing-apparatu.s— wore  gills.  Even  yet  in  the  Fishes 
generally,  water,  serving  for  respiration,  and  which  is  taken 
in  througli  the  mouth,  [tassos  out  through  tho  gill  slits  on 
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tbe  side  of  tlio  gullet.  In  tho  highor  Vertebrates  tliey  after- 
wards close.  The  gill-arclics arc  tranHfininwi  partly  into  tlio 
jaws,  jMirtly  into  the  tonguc-honc  an'l  the  l>oneloU  uf  tho 
car  (oaniciila  timlitu«).    (Cf.  Platua  I.,  VL,  and  VII.) 

.  Almost  simultaneously  with  the  devolopnient  of  the  gill- 
arches,  and  immediately  behind  these,  the  heart  with  its  four 
comparttnonts  is  formed  (Fig.  llB.g  h  i  k),  and  above,  on  tho 
sides  of  tlic  heail,  the  rudiments  of  the  higher  sunse-organa 
appear :  nose,  eye,  aad  oar.     These  highly  important  or^rana 


Fm.  119.— TraiKVPrw  upclion  thnrnjili  ttia  ihoulJer  rrjrion  and  IIip  fnint 
linilM{wi>iK-ni<Jin«'nU)  of  >  Chick,  on  the  fourth  d>j  of  inrtibali<m  (nUiUt 
20  limra  the  nslnntl  aiip).  ?Iisr  the  intnlinal  Inbo  thn«  lii^tor  mr.lii  an 
vUiblc  oa  tacb  «idc  in  the  ilark  dimul  wall,  whuh  pua  inlo  thp  raHimpnla  of 
tha  fore  limbu  nr  winiTi"  M.  Thn  upjirr  nf  IhMu-  in  Ihe  mtiiwlr.plnlr.  Ihn 
Biiddlo  ii  tho  hind,  aoc)  lh(>  lower  u  tho  Trnnl  m>t  o(  ■  apinnl  ni-rii'.  In 
the  middle,  b(>law  the  cbnrila.  ia  thr  anfta,  and  on  rach  aide  uf  thin  a  cardinal 
Vein:  bplnW  the  Uller  am  th(-  |>rimitiTct  kidiii'.Mi.  Tlio  intralinc  in  almoet 
cloaed.  Th«  nntr*!  wall  exu>ndi  intn  Iho  aniDion,  wbicb  fomu  a  cUmd 
eororiog  ruvad  lh«  euibrfut     (A(t«r  Bemak.] 
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origm&to  in  U10  very  simplest  funo.  The  organ  of  ameD^ 
or  the  nos«,  appears  quite  in  the  front  of  the  liead,  in  tlio 
shape  of  two  little  pita  above  tlie  mouth-opeoing  (fig. 
117,  n).  The  oi^gan  of  sight,  or  eyo,  also  in  the  form  of 
A  pit  (Fig.  117, 1, 118,  6),  cornea  next,  behind  the  organ  of 
SDiell,  towards  which  a  considerable  vesicular  outgrowth  <d 
the  f(H«-brain  grows  on  both  sides  of  the  head  (Fig.  lOo,  a). 
Further  back  appears-a  third  pit  on  each  side  of  the  head, 
the  6rst  rudiment  of  the  oigan  of  hearing  (Fig.  117,  trX 
No  trace  of  the  very  marvellous  future  structure  of  these 
organs,  or  of  the  characteristic  form  of  the  face,  is  yet  to 
be  seen. 

The  human  embryo,  having  reached  this  stage  of  develop- 
ment, is  yet  hardly  distinguishable  from  the  germ  of  any 
of  the  higher  Vei-tebrates.  (Cf  Plates  I.,  VI„  and  VIL)  All 
the  essential  portions  of  the  body  are  now  begun  :  the  head 
with  its  primitive  skull,  the  rudiments  of  the  three  higher 
sense-organs,  and  the  five  brain-bladders,  and  the  gill-arches 
and  gill-openings;  the  trunk  with  the  medulla,  the  rudi- 
ments of  the  vertebral  column,  the  chain  of  metamera,  the 
heart  and  principal  blood-vessels,  and,  finally,  the  primitive 
kidneys  Man,  in  this  germ-stage,  is  a  higher  Vertebrate,  and 
yet  there  is  no  essential,  morphological  difference  between 
the  human  embryo  and  that  of  Mammals,  Birds,  Reptiles, 
etc  (Plates  VI,  and  VII.,  upper  lino  ol  sections).  This  is  an 
ontogenetic  fact  of  the  highest  significance;  from  it  are 
di-awn  the  most  important  phylogcnetic  conclusiona 

There  is,  however,  as  yet  no  tiaco  of  limbs.  Though 
the  head  and  the  trunk  are  already  separated,  though  all 
the  important  inner  otgans  arc  begun,  there  is  as  yet  no 
trace  of  the  Umbe,  or  exb^mitice,  in  this  stage.    These  do 
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not  appear  till  laUir.  This  also  is  a  fact  of  the  profoiindeHt 
interest;  for  it  tells  uh  that  the  older  Vfirtebrates  were 
footlesa,  as  the  lowt'st  living  Vrrtcbrates  (Aiii]ihioxua  and 


Fro.  IK).  -TranaTonw  srcti  n  Ihronfch  the  peine  rrfc  t>  anH  tlie  hiixl 
limba  of  a  Cliirk  un  ll  c  (uurth  dkj  of  ncnbntioa  (nix  ut  40  I  m  >  the  nUiim 
■iio)  :  h,  hcirii.|>liil<.  ir  mrdulUrji  tabe  n  spinal  canitl  u  [  r  miliic  ki<J- 
noya;  i,  clicmln  r  Innd  1  mbs  b  sllanti  *  ranitl  in  the  vrntntl  nil ;  r. 
■ortkl  i;  canlinnl  vpini  a  iiitoit  nt>  I  inti-ol  nnl  f[l>ni)uliir  Ujcr ;  /,  in- 
toMiuil-flbrou*  luTur  q  mr  n  ipillicliuin  r  d  null  idumIci  r  budy.cavily 
tcatama).     (After  H  il  t       r  ) 


the  Cycloatnma)  arc  at  the  present  time.  The  iteflcendanl^ 
of  these  ]irinia-vHl,  fiHitleMS  Vei-t'hrnti'H  ilid  not  aoijuire  IIiiiIm 
till  a  much  later  |>erio<i  in  the  emirse  of  their  devclupineiit, 
when  they  acituired  four  limits — a  front  [>air  and  a  hind  pair. 
These  lintlM  arc  all  originally  forme'l  aft^r  one  ino<h-l,  thnu;rh 
they  afterwards  develop  very  ditierently  ;  in  Fiahea  they 
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become  flna  (pectoTsl  and  Ventral);  in  Birds,  wtnga  and  legs ; 

in  creeping  animals,  fore  and  hind  legs;  in  Apes  and  in  Han, 
arms  and  l^s.  All  these  parts  arise  from  a  first  rudiment  of 
the  same  perfectly  simple  foim.Tvhich  grows  secondarily  from 
tho  skin-layer  (Figs.  119,  120).  They  always  make  their 
a^peanuice  in  the  form  of  two  email  buds,  which  at  fint 
resemble  mere  round  knoba  or  platea  Gradually  each  of  these 
plates  increases  into  amore  considOTable  projection,  in  which 
there  is  a  more  slender  part,  nearer  the  body  of  tlie  embryo 
and  distinct  from  the  outer,  broader,  thicker  pari  This  later 
portion  is  the  rudiment  of  foot  or  of  hand,  while  the  former 
is  the  rudiment  of  arm  or  of  1^.  Plates  VL  and  Til.  show 
how  similar  are  the  rudimentary  limbs  in  very  diSereut 
Vertebrates. 

A  careful  study  and  thoughtful  comparison  of  the 
embryos  of  Man  and  other  Vertebrates  in  this  stage  of 
development  is  very  instructive,  and  reveals  to  the  thought- 
ful many  profounder  mysteries  and  weightier  truths  than 
are  to  be  found  in  tiie  so-called  "  revelations "  of  all  the 
ecclesiastical  religions  of  the  earth.  Compare,  for  instance, 
carefully  and  attentively  the  three  consecutive  stages  of 
development,  represented  in  Plate  VI.  of  the  Fish  {F),  Sala- 
mander (S),  Tortoise  (T),  and  Chick  (O),  and  in  Plate  VII.  the 
corresponding  embryos  of  the  Hog  (//),  Calf  (C),  Rabbit  (R), 
and  of  Man  {M).  In  the  first  stage  (upper  row  of  Section 
I.),  in  which  the  head  with  the  five  brain-bladders,  and 
the  gill-arches  are  indeed  begun,  though  the  limbs  are  still 
entirely  wanting,  the  embryos  of  all  Vertebrates  from  Fish 
to  Man  differ  not  at  all,  or  only  in  non-essential  points.  In 
tlie  second  stage  (middle  row  of  Section  II.),  in  which  tlie 
limha  arc  indicated,  difierences  begin  to  appear  between  tho 
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embryos  of  the  lower  and  the  higher  Vertebrates ;  ra  yet, 
however,  the  embryo  ol*  Man  is  hardly  distinguishable  from 
that  of  the  higher  Mammals.  Finally,  in  the  third  stage 
(lower  row  of  Section  III.),  in  which  the  gill-arches  have 
already  disappeared  and  the  face  is  formed,  the  diflerences 
become  more  evident,  and  grow,  henceforth,  more  and  moi*e 
striking.  The  significance  of  such  facts  as  these  cannot  be 
over-estimated.**^ 

If  there  exists  an  inner,  causal  connection  between  the 
incidents  of  germ-history  and  those  of  tribe-history,  as  in 
accordance  with  the  law  of  heredity,  we  must  assume  then 
those  ontogenetic  facts  immediately  afford  most  important 
phylogenetic  conclusiona  For  the  wonderful  and  compre- 
hensive harmony  between  the  individual  evolution  of  Mao 
and  that  of  other  Vertebrates  is  only  explicable  by  assuming 
the  descent  of  these  from  a  common  parent-form.  Indeed 
this  common  descent  is  now  granted  by  all  able  natuialistn 
who  in  place  of  a  sn|x?rnatnni]  creation  R«;ume  a  non- 
miraculous  evolution  ot  organidins. 


36s  TBB  KVOLUnOH  OF  ICAK. 


EXPLANATION  OF  PLATES  VI.  AND  VTL 

nmtM  VI.  uid  VII.  aro  iMknt  to  reprsMut  the  more  or  Icn  oomplele 
■gTvenent,  m  rvgud*  the  moat  inportant  ralatiooi  of  form,  betwonn  tho 
•mbiTO  of  Ifan  and  thM  of  otber  Vert«bntai  in  earl;  itaKot  of  iiidi*idiia] 
deTelopmeiit.  Thii  atfreement  ii  the  more  ooinplete,  the  ear'iar  the  period 
at  which  tbe  hnman  embrjo  £•  oomparad  with  thon  of  other  Vertebiatoa. 
It  ia  retained  longer,  Uio  more  OMirl;  relBt«d  in  deacent  tbe  raapaotiva 
matsrvd  •nimali  are — oocraapondmg  to  the  "  law  of  the  ontogeQetio  OOB* 
uectkn  of  i/itteinatioall;  r«Uted  forna."    (Cf.  Chapter  XIL,  p.  3G6.) 

Plate  TL  i-epraaenta  the  ambrjoa  of  two  of  tbe  lower,  and  tiro  of  the 
higher  Vartebratea  in  three  different  lUgee  :  of  a  Fish  (OBseoDifiEli,  F))  of 
an  Ampliibian  (Land-aal amandcr,  8)  j  of  a  Beptila  (Toitoue,  T)  t  A^id  of  a 
Bird  <Cliick,  C). 

Plate  VIII.  abowa  the  embiyoB  of  foor  Mammals  in  tbo  three  correapond- 
ing  at^gea :  of  a  Hog  iH),  Calf  (C),  Babbit  (A),  and  a  Man  {JO-  Tho  ooa- 
ditiooa  of  the  three  different  atagea  of  developmont,  which  tbe  three  croaa- 
rona  (I.,  II.,  III.)  leproaetit,  are  aaleoMd  to  correapond  as  exactly  aa  pogsilile. 

The  fint,  or  upper  croas-row,  I.,  rapreaeota  a  ver;  early  stage,  with  gill* 
opeDiDgs,  and  without  timba.  The  second  (middle)  cross-row,  II.,  ahowa  a 
somewhat  later  stage,  with  the  first  mdimeots  of  limbB,  while  the  ^11- 
openin^  are  yet  retained.  The  third  (lowest)  onwa-row,  III.,  shows  a  still 
later  stage,  with  the  limbs  mora  deiraloped  and  the  gill-openings  loct.  Tha 
membranes  and  appendnges  of  the  enbryonio  body  (tiie  amnion,  yelk-aao, 
allantois)  are  omitted.  Tbe  whole  tnoaty-fonr  figures  aro  slightly  mogiiiSed, 
thoopper  onea  more  than  the  lower.  To  faoilitale  the  com  pnrJBon,  thej  are  all 
reduced  to  Dearly  the  same  siio  in  the  cats.  All  tho  ombr^-os  are  seen  from 
the  left  aide ;  the  head  extremity  is  above,  the  toil  oitrDULit;  below ;  the 
Bnihod  back  turned  to  tl>e  right.  The  letters  indicate  tho  same  parte,  io 
all  tho  twonty-fonr  figures,  namely :  u,  fore-brain;  i,  tw;xl-brain  ;  m,  mid> 
brain  I  h,  hind-bmin;  n,  after-brain;  r,  spinal  marrow  i  e,  nuse ;  a,  ejoi 
0,  ear;  k,  gill-Arcbeat  g,  heart t  w, *ertobral odimui j  /,  tora-limba;  b, hjtut 
liiDbiii^toU.'* 


CHAPTER  XII. 

THE   GERM-MEMBRANES    AND   THE    FIRST    CIRCULATION 

OF   THE    BLOOD. 

rbe  liAininAlian  Organisation  of  Man. — Man  has  the  Mime  IUkIIIj  Struclorc 
as  all  other  MammalK,  and  his  Embryo  derclops  in  exactly  the  same 
waj. — In  its  Ijiter  Stsgc^  the  Unman  Rmbrjo  is  not  essentially 
different  from  those  of  the  Higher  Mammnls,  and  in  its  F^iilier  Stages 
not  even  from  those  of  all  Higher  Vertclirstos. — The  Law  of  the 
Onto}{enotic  Connection  of  Systemnticallj  Related  Forms.— Application 
of  this  Law  to  Man. — Form  and  Siie  of  the  Ilaman  Embryo  in  the 
First  Fonr  Weeks. — The  Haman  Embryo  in  the  First  Month  of  its 
Development  is  formed  exactly  like  that  of  any  other  Mammal.— In  the 
8  •oond  Month  the  First  Noticeable  Differences  appear.— At  first,  the 
Human  Embryo  rosembles  those  of  all  other  MammsU ;  later,  it 
resembles  only  those  of  the  Higher  Mammals. — The  Apiendages  and 
Membranes  of  the  Hnman  Embrya — The  Ye!k-sac. — The  Allantois  and 
Um  Plaoenta. — The  Amnion. — The  Heart,  the  First  Dlood-vessels, 
and  the  First  Blood,  arise  from  the  Intestinal -fibruas  Layer. — The 
Heart  separates  itself  from  the  Wall  of  the  Anterior  Intestine. — The 
First  Circulation  of  the  Blood  in  the  Germ.area  (a.  germinativa)  : 
Yelk-arteries  and  Yolk-Toins.— Second  Embryouic  Circulation  of  the 
Blood,  in  the  Allantois :  Narel -arteries  and  NaTel-Teina. — Divisioos  of 
^1  Human  Qerm-bistorj. 

**  Is  man  a  peculiar  organism?     Does  he  originate  in  a  wholly  different 

way  from  a  dog,  bird,  frog,  or  fish  ?  and  does  he  thereby  jnntify  those  who 

iSKirt,  that  he  has  no  place  in  nature,  and  no  real  relatidnship  with  the 

lower-  world  of  animal  life  f     Or  does  he  derelop  from  a  similar  embryo, 

and  undergo  the  same  slow  and  gradual  pn>gressire  modificaiiona  f    The 

answer  ia  not  for  an  instant  doubtful,  and  has  not  been  doubtful  for  the  last 

thirty  Tears.    The  mode  of  man's  origin  and  tha  earlier  stagai  of  his 
20 
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derolopmant  u«  Dndonbtadlj  idaatioal  with  thoao  of  the  wiimali  ituiding 
direoUf  below  him  in  th«  ao^ei  without  the  alightast  doabt,  ha  itands  in 
thi«  raapeot  nearer  the  ape  Umw  tha  kp«  doM  to  tba  doK."-r-THoii**  IIdilr 
(18«8). 

The  most  important  phenomenon,  having  a  general  bearing, 
that  we  have  so  tar  met  with  in  the  process  of  human  germ- 
history,  is  surely  the  fact  that  the  development  of  the 
human  body  proceeds  from  the  beginning  in  exactly  the 
same  way  as  that  of  other  Mammals.  All  the  special 
peculiarities  of  individual  development  which  distinguish 
Mammals  from  all  other  animals  are  found  also  in  Man. 
liMig  ago,  from  the  physical  structure  of  the  perfect  Man 
tiie  conclusion  was  drawn  that  his  natural  position  in  the 
system  of  the  animal  world  can  only  be  in  the  mammalian 
class.  In  1735  Linneeus,  in  hb  Syatema  NaiwroB,  placed 
Man  in  one  and  the  same  class  with  the  Apes.  This  position 
is  fully  corroborated  by  comparative  germ-history.  We 
have  evidence  that,  no  less  in  embryonic  development  than 
in  anatomical  structure,  Man  closely  resembles  the  higher 
Mammals,  and  especially  the  Apes.  If  we  now  seek,  by 
applying  the  fundaroentcd  biogenetic  law,  to  understand  this 
ontogenetic  agreement,  the  perfectly  simple  and  necessary 
conclusion  is  that  Man  is  descended  from  other  mammalian 
forms.  Hence  we  can  no  longer  doubt  the  common  descent 
of  Man  and  the  other  Mammals  from  a  single  primaeval 
parent-form,  or  hesitate  to  believe  that  the  blood-relation- 
ship is  closest  between  Men  and  Apes. 

This  essential  harmony  between  the  embryo  of  Man 
and  of  the  other  Mammals,  in  their  whole  bodily  form  and 
internal  structure,  exists  even  in  that  latest  age  of  develop- 
ment, in  which  the  mammalian  body,  as  such,  la  already 
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unmistakable.  (Cf.  Plates  VI.  and  VII.,  the  second  row.) 
But  in  a  somewhat  earlier  stage,  in  which  the  nidi* 
ments  of  the  limbs,  the  gill-arches,  the  sense-organs,  etc., 
are  already  present,  we  cannot  yet  recognize  mammalian 
embryos  as  such,  nor  can  we  distinguish  them  from  the 
embryos  of  Birds  and  Reptiles.  If  we  go  back  to  still  earlier 
stages  of  development,  we  are  unable  even  to  discover  any 
distinction  between  the  embryos  of  these  higher  Vertebrates 
and  those  of  the  lower,  such  as  the  Amphibia  and  Fishes 
(Plates  VI.,  VII.,  upper  row).  Finally,  if  we  go  still  further 
back,  to  the  construction  of  the  body  from  the  four 
secondary  germ -layers,  we  make  the  surprising  discovery 
that  these  same  four  germ-layers  exist,  not  only  in  all 
Vertebrates,  but  also  in  all  the  higher  Invertebrates,  and 
that  they  are  everywhere  concerned  in  the  same  way  in 
forming  the  fundamental  organs  of  the  body.  And  if  then 
we  inquire  into  the  origin  of  these  four  secondary  germ- 
layers,  we  find  that  they  develop  fn)m  the  two  primary 
germ-layers,  which  are  identical  in  all  animals,  with  the 
exception  of  the  lowest  division,  the  Protista.  (C£  Figs. 
23-28,  p.  93.)  Finally,  we  see  that  the  cells,  which  compose 
the  two  primary  germ-layers,  universally  originate  by 
fission,  from  a  single  simple  cell,  from  the  egg-cell. 

It  is  impossible  to  lay  too  much  stress  on  this  remark- 
able {mrallelism  of  the  most  important  genn-conditions  of 
man  and  animala  We  shall  afterwards  turn  the  fact  U\ 
account  in  support  of  the  hypothesis  of  monophyletic 
descent,  i.e.,  the  assumption  of  the  common,  single  line  of 
descent  of  man  and  the  higher  animal  tribes.  It  declares 
itself  in  the  very  beginning  of  the  individual  development; 
in  the  cleavage  of  the  egg-cell,  in  th^   formation  of  the 
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genn-layers,  in  the  fission  of  these,  in  the  construction  of  the 
moat  important  fundamentsl  organs  from  these  germ-layers, 
etc  The  first  rudimente  of  the  pnncipal  parts  of  the  body, 
and,  above  all,  of  the  oldest  main  organ,  the  intestinal  canal, 
are  everywhere  originally  identical;  they  always  appear  in 
the  same  suiipleat  form.  Bat  all  the  peculiarities  by  which 
the  various  larger  and  smaller  groups  of  the  animal  kingdom 
ara  differonti&tod  from  one  another  only  make  their  appear- 
ance gradually,  and  secondarily,  in  the  course  of  the  evolu- 
tion of  the  germ ;  and  those  which  distinguiah  the  animals 
most  closely  allied  in  the  system  of  the  animal  kingdom 
are  the  latest  to  appear.  This  latter  phenomenon  can  be 
formulated  as  a  definite  law,  which  may  be  regarded  as,  in 
some  sense,  an  addition  or  appendage  to  the  fundamental 
law  of  Biogcny.  It  is  the  law  of  the  ontogenetic  connection 
between  syntematicaUy  allied  animal  forms.  The  meaning 
of  this  is  that  the  nearer  two  full-grown  perfect  animals  are 
to  each  other  in  point  of  general  body-structure,  and  hence 
the  more  closely  they  are  allied  in  the  system  of  the  animal 
kingdom,  the  longer  do  their  embryonic  forms  remain  the 
same,  and  the  longer  are  their  embryos,  and  their  young 
forms  in  general,  either  altogether  indistinguishable,  or  dis- 
tinguishable only  by  subordinate  characters.  This  law 
holds  good  of  all  animals  in  which  the  original  form  of  evo- 
lution has  been  correctly  inherited  palingenctically,  or  by 
"  inherited  evolution  ".  Where,  on  the  other  hand,  this  ori- 
^nal  form  has  been  altered  kenogenetically,  or  by  "  vitiated 
evolution,"  the  law  is  less  true  in  proportion  as  a  gi-eater 
number  of  new  evolutionary  conditions  have  been  intro- 
duced by  adaptation  (cf  pp.  10-14).™ 

If  we   apply  this  law  of  the  ontogenetic  coimectinn 
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between  systematically  (niid  Iienci*  al.so  [>liyl<>{;ene tit-ally) 
alliwi  forms  to  Man,  ami  if,  witli  ivfercnce  U'  Uiis  law,  we 
rapiilly  run  tliiuii^li  the  earliest  tiuniaii  cimilitiitns,  tlie  tii'st 
striking  thing  noticcaMe  in  tlie  early  liistory  of  the  gemi 
is  the  morphological  identity  of  the  egg-cells  of  Man  an<l 
of  other  Hamtnals  (Fig.  1).  All  the  jiroijertica  that  cha- 
racterize the  mammalian  c^,  arc  also  obscrvahlo  in  the 
human  egg;  especially  that  charact^^ristic  striicturo  of  itt 
coating  (the  zona  j>eUuci(la)  whicli  clearly  diutinguiuhes 
the  mammalian  egg  from  that  of  all  other  animals.     When 

Fro.    liL—L^re-ibapeil    germ-ihicld    ol 
"  Doable  ibicid  "  of  R«iiiKk,  "  embryonic  n 
of  iithcT  knthore.)      Tbe  donal  fnrroiT  is  Tinibln  in  i 
eontro  ;  on  cithcrtidc  are  the  mcdullnrj  ant'llinga. 

the  human  embryo  is  fourteen  days  old, 
it,  like  all  other  mammalian  emKr^'os,  in 
in  the  fonn  of  an  entirely  simple.  lyre- 
ithaped  germ-shield.  Along  the  midill 
line  of  the  (lorHal  nide  of  this,  there  ap- 
IK'ant  the  rectilineal,  groove -st)ape<l  medul- 
lary fiirn)w,  bordered  by  the  two  parallel 
doi-Hal,  or  me<lullary  Hwellings.  The  ventral  side  in  attached 
Ui  the  wall  of  the  ghitjular  intestinal  gcrm-ve.sicle.  In  this 
fttagi-  the  human  embryo  is  oiu-  liiu-,  or  twci  iiidlimities 
in  length.  It  is  not  distinj,'iiishable  from  that  of  other 
Mammals,  rrf..  of  the  l)i>g  H-'i-i    ]'2l}'"* 

A  week  laUr,  or  at  the  end  of  the  twenty-first  dav.  the 
human  embryo  lias  already  atLaimd  twice  tlji.>  li  iigtli  it  m 
now  two  lines  or  about  (ive  inillimetivs  in  length  and  alieady 
BhowH,  when  m-en  from  Uie  side,  tin-  cluiracU-ristic  curvature 
uf  the  back,  the  swelling  of  the  head  end,  the  earliest  rudi- 
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mentfl  of  the  higher  sense-otgans,  and  the  rudimontfl  of  tho 
gill-openingB,  piercing  the  sides  of  the  neck  (Fig.  122,  III.; 
Plate  VII.  Fig.  M  I.).    The  allantois  has  growi  out  from  the 


FlO.  122, — Hnman  gernn  or  embryos  from  tho  Bocond  to  the  Gfteentl. 
week  (nKtoral  liic],  Been  from  the  left  aiilo,  the  arched  back  tnniod  towaTda 
thori^bt.    (PriDcipBlJ;  after  Ecker.)    II..  hnmnn  oinbryo  of  U  dayi;  III.,  of   > 
3  weeks;  IV.,of  4  wpeke;  V.,or  6  weeks;  VI.,  of  fi  weoks;  VII.,  of  7  weekii 
VIII.,  of  8  weeks ;  XII..  of  12  weckx;  XV..  of  I&  weoks. 

hind  end  of  the  intestine.  Tlie  embryo  is  already  entirely 
enveloped  by  the  amnion,  and  is  now  only  connected  with 
the  germ- vesicle,  which  is  changing  into  the  yelk-sac  by 
means  of  the  yelk-duct,  in  the  centre  of  the  abdomen. 


DEVELOPMENT  OF  THE  HEAD.  3(^ 

In  this  stage  of  development,  the  extremities,  or  limbs, 
are  still  entirely  wanting ;  there  is  as  yet  no  trace  either  of 
arms  or  legs.  The  head  end,  however,  has  already  become 
markedly  distinct  or  differentiated  from  the  tail  end  ;  mor«^ 
over,  the  first  rudiments  of  the  brain-bladders  appear  in 
front,  and  the  heart  appears  more  or  less  distinctly  on  the 
anterior  intestine.  A  real  face  is,  however,  not  yet  formed. 
We  may  also  search  in  vain  for  any  character  distinguishing 
the  human  embryo,  in  this  stage,  from  that  of  other  Mammals. 
(Cf.  Fig.  ML,  BU  CU  and  H  I.  on  Plate  VII.)»« 

Another  week  later,  at  the  end  of  the  fourth  week, 
between  the  twenty -eighth  and  the  thirtieth  day  of  develop- 
ment, the  human  embryo  is  four  or  five  lines  in  length,  or 
about  one  centimetre  (Fig.  122,  IV  ,  Plate  VII.  Fig.  At  II.). 
The  head  with  its  various  parts  is  now  plainly  distinguish- 
able :  within,  the  five  primitive  brain-bladders  (fore-brain, 
mid-brain,  twixt-brain,  hind-brain,  and  afber-brain) ;  at  the 
lower  end  of  the  head,  the  gill-arches,  which  divide  the 
gill-openings ;  on  the  sides  of  the  head  the  rudiments  of 
the  eyes,  two  indentations  of  the  outer  skin,  towards  which 
grow  two  simple  bladders  from  the  side-wall  of  the  fore- 
brain.  Far  behind  the  eyea,  above  the  last  gill-arch,  the 
bladder-like  rudiment  of  the  organ  of  hearini^  is  visible. 
The  head,  which  is  very  large,  is  attached  to  the  trunk  at 
a  very  considerable  angle,  almost  a  right  angle.  The  trunk 
itself  is  still  attached  at  the  centre  of  its  ventral  side  to  the 
intestinal  germ-vesicle;  but  the  embryo  is  already  still 
further  separated  from  the  latter,  which,  therefore,  protrudes 
and  forms  the  yelk-sac  Like  the  front  part,  Uie  hind  part 
of  the  body  is  very  much  curved,  so  that  Uie  pointed  tail 
und  is  turned  towards  the  head.    The  bead  resta.  face  down- 
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PlQ.  123. — Hnmnn  embrjo  of  fonr  weeka  old,  opened  on  the  vfntr&l  aide. 
ThewBlla  of  tho  cheat  and  abdomen  b&ve  been  cal  away,  bo  that  the  oontonts 
of  the  cbcBt  and  TOutral  cavitieB  are  vialblc.  All  the  appondagoa  (amnion, 
Bllaotois,  and  yolk-sac)  have  been  rcmoTcd,  and  also  tho  middle  portion  of 
the  intestine  :  n,  eye  t  3,  nose  ;  i,  upper  jaw  ;  5,  lower  jaw  ;  6,  the  second 
gill-arch,  and  C"  tho  third ;  o  v,  heart  (o,  riglil,  o',  left  auricle ;  v,  right,  v', 
left  ventncte) ;  b,  origin  of  the  aorta ;  /,  liver  (ii,  naTcl-Toio) ;  r,  intestine 
(with  the  yolk-artery,  cnt  awaj  at  a')  ;  j ',  yelk-vein  ;  m.  primitiro  kidney  i 
t,  mdimcnts  of  the  scinal  glands;  r,  terminal  intestine  (witli  mesentery,  i.  cnt 
away)  I  n,  aarel-arteTj ;  u,  navel. rein  t  T,  onus ;  8,  tail ;  Q,  front  limb ;  9*, 
bind  limb.     (After  CoM«.> 
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FlO.  124. — Iluinan  embryo  of  fire  weeks  old,  opened  on  the  Tentral  side 
(as  in  Fig.  123).  The  chest  and  ventral  walU,  with  the  liver,  have  been 
removed ;  3,  oater  nasal  process  ;  4,  upper  jaw  ;  5.  lower  jaw  ;  s,  tongue  ;  v, 
right,  v*,  left  ventricle  of  heart ;  o\  left  aariclo ;  &,  origin  of  the  aorta ; 
\/  h"  6*^,  first,  second,  thinl  arterial  arches  ;  c,  c',  c",  hollow  veins  (tvna 
eaves);  CM,  lan^  (y,  arteries  of  langs) ;  ^,  stomach;  m,  primitive  kidneys; 
(y,  left  yelk-veins;  s,  vena  porta;  a,  right  yel k. artery  ;  n,  navel-artery ; 
li,  navel.vein) ;  «,  yelk-duct;  i,  large  intestine;  8,  tail;  9,  front  limb; 
9',  hind  limb.     (After  Coste.) 

ward,  on  the  yet  open  chest  The  curvature  presently 
becomes  so  great  that  the  tail  almost  touches  the  forehead 
(Fig.  122,  V. ;  Fig.  137).  Three  or  four  distinct  curves  of  the 
arched  dorsal  side  are  now  distinguishable ;  a  skull-curve  or 
"front  head -curve"  near  the  second  brain-bladder,  a  neck- 
curve  or  "hind  head-curve"  at  the  beginning  of  the  spinal 
marrow,  and  a  tail-curve  at  the  hind  end  of  the  body.  This 
marked  curvature  is  shared  by  Man  with  the  three 
higher  classes  of  Vertebrates  (the  Amnion -animals),  while 
in  the  lower  classes  it  is  either  much  less  pronounced,  or 
altogether  absent  In  this  stage,  when  four  weeks  old,  Man 
has  a  true  tail,  double  the  length  of  the  legs.  The  rudi- 
ments of  the  limljs  are  now  plainly  marked :  four  entirely 
simple  buds  in  the  form  of  roundish  plates,  two  fore  limbs 
and  two  hind  limbs,  the  former  being  a  little  larger  than 
the  latter.'^ 

On  opening  the  human  embryo  of  the  age  of  one  month 
(Fig.  123).  we  find  the  intestinal  canal  already  formed  in  the 
body-cavity,  and  that  it  is  nearly  completely  separated 
from  the  germ- vesicle.  The  mouth -ojxjning  and  anus 
already  exist  The  cavity  of  the  mouth  is,  however,  not 
yet  separated  from  that  of  the  nose,  nor  is  the  face  in 
general  yet  formed.  The  heart,  on  the  other  hand,  already 
ihowB  all  the  four  compartments ;  it  is  very  large,  filling 
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almost  the  entire  cheat-cavit;  (Fig.  123,  oi>).  Behind  it  tht 
veiy  amall  rudiments  of  the  lungs  lie  concealed.  The 
primitive  kidneys  are  veiy  largo  (Fig.  123,  m),  occupying 
the  greater  part  of  the  ventral  cavity,  and  extending  fhnn 
the  liver  (/)  to  the  pelvic  intestine.  Thus  at  the  end  of 
the  Brat  montli,  all  the  essential  parts  of  the  body  are 
already  bc^un ;  and  yet,  in  this  stage,  we  are  still  unable 
to  diacem  any  characters  essentially  distinguishing  the 
homon  embryo  irom  those  of  the  Dog,  the  Rabbity  the 
Ox,  the  Horse,  or,  indeed,  of  any  of  the  higher  Mammals. 
Alt  these  embryos  are  still  of  the  same  form,  and  at  best 
differ  from  the  embryo  of  Man  only  in  the  general  dimen- 
sions of  the  body,  or  in  the  size  of  the  individual  organs — 
difierenccs  of  no  moment.  Thus,  for  exampio,  the  bead, 
relatively  to  the  trunk,  is  a  little  larger  in  Man  than  in  the 
Sheep;  in  the  Dog  the  tall  is  somewhat  longer  than  in 
Man.  But  these  are  all,  evidently,  very  trifling  differences 
indeed,  and  of  no  importance.  On  the  other  hand,  the 
whole  internal  and  external  organization,  the  form,  the 
disposition,  and  the  connection  of  the  separate  paita  of  the 
body  of  the  germ  are  essentially  the  same  in  the  human 
embryo  of  four  weeks,  and  in  the  embryos  of  other 
Mammals  in  a  corresponding  stage  of  development. 

But  the  case  is  different  even  in  the  second  month  of 
human  development.  Fig.  122  represents  a  human  germ, 
VI.,  of  six  weeks,  VII.,  of  seven  weeks,  VIH.,  of  eight 
weeks,  in  the  natural  size.  The  differences  which  distin- 
guish the  human  embryo  from  those  of  the  Dog  and  the 
lower  Mammals,  now  gradually  begin  to  become  mora 
prominent.  Even  after  the  sixth,  and  yet  more  after  the 
eighth  week,  considerable  difierances  are  visible,  especially 
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in  the  structure  of  the  head  (Plate  VII.  Fig.  M  III.,  etc.). 
The  size  of  the  various  divisions  of  the  hrnin  in  Man  ia 
now  greater,  while,  on  the  contrary,  the  tail  ajipears  shorter. 
Other  differences  between  Man  and  the  lower  Mammals  are 
to  be  seen  in  the  relative  dimensions  of  the  interior  parts. 
Yet  even  now  the  human  embryo  is  hardly  distinguishable 
from  that  of  the  nearest  allied  Mammals,  the  Apes,  and 
especially  the  anthropomorphic  A  pea  The  characters  which 
distinguish  the  human  embryo  from  those  of  Apes  make  their 
appearance  much  later  ^  even  in  a  very  advanced  stage  of 
development,  in  which  the  human  embryo  is  iastantly 
distinguishable  from  that  of  hoofed  animals  (Ungulata),  the 
former  is  still  very  similar  to  the  embryo  of  the  higher 
Apes.  At  length,  in  the  fourth  or  fifth  month  these  charac- 
ters make  their  appearance,  and  during  the  four  last  months 
of  the  embryonic  life  of  the  human  being,  from  the  sixth 
to  the  ninth  month  of  pregnancy,  the  human  embryo  is 
readily  distinguishable  from  those  of  all  other  Vertebrates ; 
then  the  characters  which  distinguish  the  various  races  of 
mankind  also  make  their  appearance,  especially  those  in 
the  structure  of  the  skulL 

The  striking  resemblance  which  exists  for  a  lonj^^  time 
between  the  embryos  of  Man  and  of  the  higher  Ajxis  di.s- 
appears,  moreover,  at  a  much  earlier  period  in  the  low<»r 
Apes.  It  is  naturally  retained  longest  in  the  large  anthro- 
pomorphic Apes  (the  Gorilla,  Chimpanzee,  Orang-outang,  and 
Qibbon;  Plate  XIV.).  The  facial  resemblance,  which  strikes  us 
in  these  man-like  Apes,  continually  decreases  with  age.  On 
the  other  hand,  it  is  retained  throughout  life  by  the  remark- 
able Nose-apes  (Semnopilhecus  nasicus)  of  Borneo  (Fig.  125), 
the  well-ahaped  nose  of  which  might  well  be  coveted  by  men 
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ID  whom  this  organ  is  too  short.  On  comparing  the  Face  of 
this  nosed  moiike7  with  that  of  specially  ape-like  human 
beings    (e.g.,  the    noted    Julia    Pastrana,    Fig.    126),    the 


Fio.  1Z5. — Bead  of  a  nose-ape  (Stmnopithrcua  n 
(After  Brehm.) 

Fio.  12£.^-Head  of  Julia  PastraDa.     (From  a  photogntpb  b;  Hintze.) 

former  will  appear  a  higher  form  of  development  thaii  the 
latter.  There  are  very  many  persons  who  believe  that  the 
"image  of  God"  is  unmistakably  reflected  in  their  own 
features.  If  the  Nosed-ape  shared  in  this  singular  opinion, 
he  would  hold  it  with  a  better  right  than  some  snub-nosed 
people.'"* 

This  gradually  prc^essive  separation,  this  increasing 
divergence  of  the  human  from  the  animal  form,  which 
depends  on  the  law  of  the  ontogentic  connection  lietween 
systematically  allied  forms,  is  seen  not  only  in  the  external 
structure  of  the  body,  but  also  in  the  formation  of  the 
internal  organs.  It  is  even  expressed  in  the  formation 
of  the  coverings  and  appendages  that  are  found  round  the 
outside  of  the  embryo,  and  which  we  are  now  about  to 
consider  somewhat  more  in  detail  Two  of  these  appen- 
dages, the  amnion  and  the  allantois,  belong  only   to  the 
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three  higher  vertebrate  classes,  while  the  third,  the  yelk- 
sac,  occurs  in  most  Vertebrates.  This  circumstance  is  very 
significant,  and  we  shall  afterwards  find  that  it  afibrds 
material  assistance  towards  the  construction  of  the 
genealogical  tree  of  Man. 

The  nature  of  the  outer  egg-membrane,  which  surrounds 
the  entire  egg  embedded  in  the  uterus  of  the  Mammal,  is 
the  same  in  Man  as  in  the  higher  Mammala  At  first  the 
egg  is  surrounded,  as  we  have  already  stated,  by  the  trans- 
parent, structureless  zona  pelludda  (Fig.  1,  p.  122,  and  Fig. 
36-40,  pp.  210-212).  Very  soon,  however,  even  in  the  first 
week  of  development,  its  place  is  taken  by  the  permanent 
tufled  membrane  {chariany  This  originates  from  the  outer 
fold  of  the  amnion,  from  the  so-called  serous  membrane, 
the  formation  of  which  we  shall  presently  examine.  It  is 
formed  of  a  single  stratum  of  cells  from  the  outer  germ- 
layer,  the  skin-sensory  layer  At  its  first  appearance  the 
%rous  membrane  is  an  entirely  simple,  flat,  closed  vesicle, 
like  a  wide  sac,  closed  in  all  directions,  it  surrounds  the 
embryo  with  its  appendages;  the  intermediate  space  be- 
tween the  two  is  filled  with  clear  watery  fluid.  At  an 
early  period,  however,  the  smooth  outer  surface  of  the  sac 
becomes  covered  with  numerous  small  tufts  or  knots,  which 
are  really  hollow  processes,  resembling  the  fingers  of  a  glove 
(Fig.  127;  139,  4  8Z,  5  c/iz).  These  branch  and  grow  into 
the  corresponding  depressions  fonned  by  the  bag-like  glands 
of  the  mucous  membrane  of  the  maternal  uterus ;  the  egg 
thus  acquires  its  permanent,  fixed  position  (Figs.  130,  132, 
134). 

In  the  human  egg,  even  between  the  thirteenth  and 
fourteenth  day,  this  outer  egg-membrane,  whidi  we  shall 
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FlQ.  ISO.  Fio.  131. 

Fio.  137.— Haman  egg  between  the  twelfth  aad  Ibirtoenth  day.  After 
Allen  ThomsoD.  1.  Not  <j]ieii«d  i  natural  Bite.  2.  Opened,  and  enlarged. 
Within  the  outer  tufted  membrane  (chorion)  the  amall  curved  germ  lies  upon 
the  left  of  the  np|ier  side  of  the  large  inteetlnnl  germ-Tosicle. 

Fin.  128.— Human  egg  on  the  fiftoonth  day.  After  Alien  Thoroson. 
Katnral  die,  and  opcued.  Tlio  small  germ  lies  in  the  upper  rigbt-hand  part 
orthe  right  balf. 

Fio,  129,— Haruau  gorni  on  the  Gftccnth  day,  taken  fmto  the  egg; 
enlarged  :  a,  yellt-Bac  ;  (p,  rrninti  of  the  neck  (where  the  mednllary  fnrrow  is 
already  closed) ;  c,  head  pnit  (with  open  medullary  furrow)  ;  d,  hind  part 
(with  open  medullary  furrow)  ;  r,  a  shred  of  the  amnion. 

Fio.  130. — lloman  egg  bctwcca  the  twcatii>th  and  Iwentj-second  day. 
After  Allen  ThouiBon.  Nntaral  siic  ;  opened.  The  outer  tufted  roembnne 
(chun'nn)  forms  a  capacious  vmicic,  tu  the  inner  wall  of  which  tba  small 
gi'rm  (above,  on  the  rifbl)  ia  attached  by  a  short  navpl-cord. 

Fia.  131.— Uuniau  germ  between  the  twentieth  snil  twL-nty-ewond  day, 
taken  out  of  the  egg ;  enlarged  :  a,  amnion  3  h,  yolk-sac  ;  c,  lower  jaw  proceas 
of  the  first  gill-arch ;  d,  upper  Jaw  procoss  of  the  same ;  f,  second  gill-arch 
(behind  it  are  twootlicr  small  arches).  Three  gill-openings  are  very  plainly 
■eea ;  /,  radimeuta  of  the  furc-limbs ;  g,  ear-vesicle  ;  h,  eye ;  \,  heart. 
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briefly  coll  the  tufted  ineuibranc  {(Jiorion),  is  completely 
covered  with  small  kiiota  or  tufta,  and  foniis  a  gly1»e  or 
sphere  of  G-H  millimetres  in  diameter  (Fiys.  127-129.)  In 
conse([ucncc  of  the  accumulation  of  a  large  mass  of  liquid 
in  the  insidu,  the  tufted  membrane  {(Jtvrion)  continually 
increases  in  size,  so  that  the  embryo  occupies  only  a  small 
[)art  of  the  space  within  the  egg-bladder.  At  the  same  time 
the  tufts  on  the  chorion  increase  iu  number  and  size,  and 


Flo  13!.— Hunmn  cmlirjn,  iriih  anini<«  ■ml  Blliintui*,  iu  th.-  IliinI  wa\  ; 
with  •  larj^  glnboUi  rrlk-nc  (below)  ud  m  bUdder-likc  kllanluo  (riRliI)  ; 
thm«  kre  %t  jret  no  limbi.  The  germ  anil  ill  ap|«Dd>ffM  arv  lurrouudcd  hjr 
the  taftod  membmnn  (rK-trinn). 

fio.  13.1.^)1  nmiui  enibrTo,  witli  kmnion  aiirl  illantiio,  in  the  fourth 
wpeh.  (Aricr  Krauae.)  Thi-  amnion  (»)  ]■<■>  |>n:Uy  rkiM  to  the  U.ly .  The 
greatar  |iart  of  the  jrlk-aac  ('I)  hai  bivn  lorn  awaj.  Uehiixl  thii  the 
allantoii  (I)  ■<  vinihla.  a*  a  prar-«hR|wi)  *»irlp  of  nuuudrralibt  aiie.  Ami 
(/)  and  lefi*  (h}  are  Jul  beffinoinK;  r,  r>CP-bnin  i  t,  Iwiil-Inin  i  «, 
nid.bntini  K,  hind-brain  i  n,  aftar-bnin  i  a,  rje  i  t,  three  (ill^rcbee  j  e 
beuti  (,  tAit 
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become  more  branched.  Thougb  these  tufta  at  first  covered 
the  whole  surface,  they  afterwards  degenerate  over  a  great 
part  of  this ;  they  develop  in  consequence  all  the  more 
vigorously  at  a  particular  point,  at  the  place  where  the 
atlontois  forms  tlie  placenta. 

On  opening  the  chorion  of  a  human  embiyo  of  three 


Fio.  131.— Bomtin  embiyo  witbits  meinbnu]0B,Bii  weokBold.  Tbsoater 
oocorJDg  of  (ho  embryo  forma  tho  chorion,  which  ia  covered  wiCQ  DDmeroiu 
branching  tafig,  and  is  lined  internall;  by  the  temaa  membrane.  Tbe  ombriro 
u  Burroanded  by  the  doticate  membrane  of  the  amnion-sac.  The  jelk-aac  is 
reduced  to  a  hltle  pmr-Bhaped  navel  Tosicle ;  its  thin  Htalk,  the  long  jelk- 
dact,  is  enclosed  in  the  navel-cord.  In  this  cord,  behind  the  yellc-dnct,  lies 
the  much  shorter  stalk  of  the  allantoie,  the  inner  layer  of  which  {intestinal- 
glandalar  layer)  in  Figs.  132  and  133  presenli-d  a  bladder  of  conaidonblo 
aiie ;  while  the  eater  la;er  Httaohee  itself  to  the  innor  wall  of  the  oatSl 
egK-membraoe,  and  at  this  point  forma  the  pUcont*. 
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vireeks  old,  we  find  a  large,  round  sac,  filled  with  liquid, 
on  the  vcntml  side  of  the  germ.     This  is  the  yelk-sac,  the 
so-called  navel- vesicle,  the  origin  of  which  we  have  already 
examined  (Figs.  132,  133).     In  pro))ortion  as   the   embryo 
grows  larger,  the  yelk-sac  grows  smaller.     At  a  later  period 
it  hangs,  as  a  small  pear-shaped  vesicle,  at  the  end  of  a  long 
stalk  (the  yelk-duct),  from  the  abdomen  of  the   embryo 
(Fig.  139,  5  cfc),  and  is  finally  detached  from  the  body  by  the 
closing  of  the  navel.    The  wall  of  this  navel- vesicle  consists, 
as  we  have  seen,  of  an  inner  layer,  the  intestinal-glandular 
layer,  and  an  outer  layer,  the  intestinal-fibrous  layer.     It  is 
therefore  composed  of  Uie  same  constituents  as  the  intestinal 
wall  itself,  of  which  it  forms,  in  fact,  a  direct  continuation. 
In  Birds  and  Reptiles  the  yelk-sac  is  much  larger,  and  con- 
tains a  considerable  quantity  of  albuminous  and  fatty  nutri- 
tive matter.    This  penetrates  through  the  yelk-duct  into  the 
intestinal  cavity  and  serves  as  food.     In  Mammals  the  yelk- 
sac  plfiys  a  much  smaller  part  in  the  nourishment  of  the 
germ,  and  degenerates  at  an  early  period.    The  relation  ot 
the  intestine  to  the  yelk  sac  has  very  often  been  entirely 
mistaken     According  to  the  Gastnua  Theory  the  two  form 
one  whole.     We  may  say  that  the  primitive  intestine  ol 
those  Vertebrates  which   are   without  a   skull   afterwards 
separated    m    their   descendants    (in    consequence    of    the 
accumulation  of  nutritive  yelk)  into  two  parts,  a  transitory 
embryonic  organ  (the  yelk-sac),  and  a  {>ermanetit  intestine 
(the  after-intestine). 

Behind  the  yelk-sac,  a  second  and  much  more  significant 
appendage  forms,  at  an  early  perio<l,  on  the  abdomen  of  the 
vertebrate  embryo.      Tliis    is   the  allantois,  or  primitive 

urinary  sac,  an  important  embryonic  organ,  which  oocun 
27 
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only  in  Uie  thnte  higher  clafeen  of  Vertebrates.  It  grows 
&om  the  hind  end  of  the  intestinal  canal,  &om  the  pelvic 
intestinal  cavity  (ITgs.  138, 1, 135,  r,  u.  136,  p.  139,  al).    Its 


Fio.  13S. — LonptDdinal  aeotion  Ummgh  tho  embTyo  ot  a  ChicE  (in  the 
fifth  day  at  inoabatiDU).  The  embrjo  with  carred  dorsal  Bnrfoce  (black) : 
d,  intoatioe  ;  a,  month}  a.uiaB}  I,InngSi  A,  liver ;  jr,  mSBenteiy  ;  v,&ariclei 
k,  Tontricle ;  b,  uieriat  arches ;  i,  aorta;  e,  jelk-aaog  m,  jelk'duct;  w, 
allaut^i  T  «talk  ot  aJUntoiii  n,  anuiioii;  tc,  amnion-CATitj ;  s,  scrooE 
meinbraDe.     (After  Baer.) 

first  inidimont  appears  as  a  small  vesicle  on  the  edge  of  the 
pelvic  intestinal  cavity,  representing  an  extension  of  the 
intestine,  and  therefore  (like  the  yelk-sac)  has  a  two-layered 
wall.  The  cavity  of  the  vesicle  is  coated  by  the  intestinal- 
glandular  layer,  and  the  outer  lamella  of  the  wall  is  formed 
by  the  thickened  intcstinal-fibi-ous  layer.  The  small  vesicle 
grows  larger  and  larger,  and  forms  a  sac  of  considerable  size, 
filled  with  liquid,  and  in  the  wall  of  which  large  blood- 
vessels form.     It  soon  reaches  the  inner  waU  of  the  c^- 
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cavity,  and  spreads  itself  out  on  the  inner  surface  of  tlic 
chorion.  In  many  Mammals  the  allantois  becomes  so  large 
that  it  finally  surroundti  the  whole  embryo  with  it«  other 
appendages,  as  a  great  covering,  and  extends  over  the  whole 
inner  surface  of  tlie  egg-inembrane.  On  cutting  sucli  an 
egg,  the  first  thing  met  with  is  a  large  space  filled  with 


F[0.  136.— Embryo  of  Dog,  twmt7.fi*(>  dayi  old,  opennl  no  the  Tcntnl  side 
{m  ia  Pigs.  I34aDd  135).  Cbeat  and  Tpntnl  wall*  barr  been  r^mnred :  a. 
now  pita  I  b,  »;<>■  ^  r,  und«--JBW  (firai  ifill  nn-h)  ;  d.  ■pcood  KiH^rcb  ;  r/fh, 
boul  ((,  riKM, /,  left  aonrlc  1  «.  nsht.  A,  li-ft  iri>ntriclr)  ;  1,  ■ricia  (nriicin  ft); 

■toDucli ;   ni,  inlMtiDB  1  1,  yplk-mc  :    n,  )>riniitiTO   kidapt*  :  |>,  Bllanti>ii>  1  •). 
tore-lioibii ;  A,  hiad-limba.   The  cmokod  pmbrf  n  has  been  (IretchMl  ilrkighi. 
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fluid ;  this  is  the  allantoiB  cavity,  and  it  is  only  after  the 
removal  of  thb  membrane  that  tlio  real  embryonic  body, 
which  is  enclosed  in  the  amnion,  is  found. 

In  Man,  the  allantois  does  not  attain  so  gi'eat  a  size, 
but  losing  its  vesicular  form,  changes  into  the  placenta, 
soon  after  it  has  reached  the  inner  wall  of  the   chorion. 


Fir,.  137.— Embryo  of  a  Dog,  from  the  right  itiiio:  o,  t 
bladder  ;  6,  leooud  ;  c,  tliinl ;  d,  fourth  ;  r,  lUu  evo  ;  /,  llio  uiir-voaiclc  ;  jh, 
first  giU-Qrch  {j,  lowpr  jaw,  h,  up|H3i-  jaw)  ;  i,  secmiil  (rill-aith  ;  kh„.  b™it 
(Jf,  ripht  auriclp  :  J,  right  vpiitrrdo  :  ni.  U'ft  ventricle)  ;  »,  lN-K;niii..K  i.f  Uio 
aorta ;  o,  heart  poach  ;  ji,  liTor ;  g,  intCBiina  ;  r,  jclk-diiot ;  y.  yvlt-wic  (torn 
away)  ;  (,  allantoia  (torn  away)  ;  a.  amnion  ;  f.  forc-limb ;  r,  hind-limb. 
(After  IJiachoff.) 

Yet  even  in  Man  tlit  tii'st  rmUiiii-nt  <if  tlie  alliuitois  is  a 
Htalked  pear-shaped  bladder  (Fif;.  133,  l),iu»i  a.-*  in  otlier 
Mammals.     I  stated  this  in  lfi7h  in  the  first  and  second 
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editions  of  this  book,  and  explained  it  in  the  drawing  now 
given  in  Fig.  137.  I  based  the  statement  on  a  very  apt 
deduction.  For  as  the  general  form  and  the  finer  structure 
of  the  placenta  is  entirely  similar  in  Man  and  in  Apes, 
the  origin  of  the  oi^an  could  not  be  different  in  the  two 
cases.  As,  however,  the  bladder-like  form  of  the  allantois 
of  the  human  being  had  never  been  directly  observed,  I  was 
gravely  accused  by  Wilhelm  His  of  falsifying  science.  His 
stated  that  "  it  is  known  that  the  allantois  in  the  human 
being  is  never  seen  in  the  bladder-like  form  "  (!).  Luckily 
for  me,  this  "  never  visible  **  bladder  form  was  actually  seen 
by  Professor  Krause  of  Gottingen  in  the  following  year 
(1876),  and  a  ditiwing  of  it,  reproduced  in  Fig.  133,  was 
given. '^ 

When  the  bladder-shaped  human  allantois  has  reached 
the  inner  wall  of  the  tufted  membrane  (chorion),  spreading 
itself  flatly  over  the  latter,  it  forms  the  placenta,  which  is 
very  important  to  the  nourishment  of  the  germ.  The  stalk 
of  the  allantois,  which  connects  the  embryo  with  the 
placenta,  and  carries  the  large  blood-vessels  of  the  navel 
from  the  former  to  the  latter,  is  enveloped  by  the  amnion, 
and,  together  with  the  amnion-sheath,  forms  the  so-called 
navel-cord  (Fig.  138,  a «).  The  large  network  of  blood- 
filled  vessels  of  the  embryonic  allantois  attaches  itself 
closely  to  the  mucous  membrane  of  the  maternal  uterus, 
■nd  the  partition  wall  between  the  blood-vessels  of  the 
mother  and  those  of  the  child  grows  very  much  thinner, 
thus  giving  rise  to  the  remarkable  apparatus  for  nourishing 
the  embryonic  bod}  which  we  call  the  placenta,  and  to 
which  we  shall  refer  hereafter.  (Cf  Chapter  XIX.}  At 
present,  I  will  speak  of  it  only  in  connection  with  the  fact 
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that  it  appears  exclusively  in  the  liiglier  Mammals,  not  in 
the  lower.  Of  the  three  sub-classes  or  pi'inci]>al  groups  of 
the  Mammals,  the  two  lower  groups,  the  Beaked  Animals 


Pia.  138.~Egg-mombmim 
of  the  hamaDombrjo  (diagtam. 
natic)  :  m,  Ihe  thick,  fleahy  mil 
of  the  nteriiB ;  plu,  placenta  (of 
which  the  inner  lajpr  (pla*> 
•endB  procMBBB  in  between  Iho 
tofts  of  the  chorion  (cfii)  ;  ehf, 
tnfled  chorion  ;  M,  smooth  obo- 

oavity ;  (u,  amDion-aheath  oC 
the  navol-cord  (which  paasoa 
below  into  the  narel  of  the  em- 
biyn,  not  ropreHcnted  hore) ; 
dg,  yclliiiiict;  i-,  ye  Ik -sue  I 
dv,  dr,  decidnn  (d,;  true,  (Ir, 
fnlse  tlccidun).  The  caritj  of 
the  uterus  {uli)  opens  bcluw 
.  the  oviduct  (()■     (After 


(Omitliostoma)  and  Pouched  Animals  (MarBicpialm),  have  no 
placenta,  the  allantois  remaining  a  niiiiplc  bladder,  filled 
with  fluid,  as  in  Birds  and  Reptiles,  Only  in  the  third  and 
most  highly  developed  mammalian  suli-tlass,  the  Placental 
Animals,  is  a  true  placenta  developed  from  the  allantois. 
To  the  placental  sub-class  belong  the  Hoofed  Animals, 
Whales,  Beasts  of  Prey,  Insect-eating  Animals,  Rodents. 
Bats,  A|)es,  and  Men.  This  circuntstance  is  dinjct  evidence 
that  man  has  developed  from  this  group  of  Manmials, 

In  connection  with  the  line  of  descent  of  the  human 
race,  the  allantois  ia,  therefore,  of  twofold  interest :  fii-stly, 
because  this  appendage  is  entirely  wanting  in  the  lower 
classes  of  Vertebrates,  and  is  developed  only  in  the  three 
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Ffo.  139. — Piro  fliagrmmmatio  lon^todinnl  MH^tioimthroagh  thedeTelop- 
ing  mammalian  germ  with  iU  eiQ^-cuYering"-  In  ^^if?*  1~^  ^^*^  longitodinal 
•cotkm  ii  through  the  ngittal  plane  or  the  omldle  pUne  of  the  body,  which 
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■eparatefl  the  right  aud  lofl  haWos ;  in  Fig.  5  the  germ  is  seen  from  the  lof i 
side.  In  Fig.  1,  the  proohorion  (d),  staddod  with  tiifLs  (d*),  sarruands  the 
germ-Tesicle,  the  wall  of  which  is  composed  of  the  two  primary  gemn- 
layers.  Between  the  enter  (a)  and  the  inner  (i)  germ- layer  within  the 
limits  of  the  g^erm-area  (area  germinativa)  the  middle  germ.layer(m«wKl«rma, 
m)  has  developed.  In  Fig.  2,  the  embryo  (e)  is  already  beginning  to  separate 
from  the  germ-vesiole  (dt),  and  the  wall  of  amnion-f old  is  beginning  to  rise 
ronnd  the  embryo  (in  front  as  the  head-sheath,  ks,  behind  as  the  tail -sheath, 
ff«.)  In  Fig.  8,  the  edges  of  the  amnion.fold  (am)  meet  over  the  back  of  the 
embryo,  thus  forming  the  amnion-cavity  (ah) ;  in  consequence  of  the  fnrther 
separation  of  the  embryo  (s)  from  the  g^erm-veside  (da),  the  intestinal- 
canal  {dd)  orig^inates,  and  from  the  hind  end  of  this  the  allantois  (al)  gpnows 
oat.  In  Fig.  4^  the  allantois  (ol)  is  big^r ;  the  yelk-sao  (da)  is  smaller. 
In  Fig.  6,  the  embryo  already  shows  the  gill-openings  and  the  rndimeuts  of 
the  two  pairs  of  limbs ;  the  chorion  has  formed  branched  tafts.  In  all  fiv^e 
figores,  0  indicates  embryo ;  a,  onter  germ-layer ;  m,  middle  germ-layer ; 
if  inner  g^rm-layer ;  am,  amnion ;  {ks,  head-sheath ;  t«,  tail-sheath) ;  ah, 
amnion-cavity ;  as,  amnion-shcath  of  the  navel-cord ;  kh,  intestinal  germ- 
vesicle ;  df,  yelk-sac ;  dg,  yelk-dact;  df,  intestinal-fibroas  layer ;  dd,  in- 
testinal -glandular  layer ;  cU,  allantois;  vl=hhf  region  of  the  heart;  d,  yclk- 
membrane  or  prochorion ;  d',  tafts  of  the  latter ;  sh,  serous  covering ;  sg, 
tufts  of  the  latter;  ch,  tufted  membrane  or  chorion;  chZt  tufts  of  the 
latter ;  stt  terminal  vein ;  r,  cavity,  filled  with  liquid,  between  the  amnion 
and  chorion.     (After  Kdllikor.)     (Cf.  PI.  7.  Fig.  14  and  15.) 

higher  classes, in  Reptiles,  Birds,  and  Mammals;  and,  secondly, 
because  the  placenta  is  developed  from  the  allantois  only  in 
the  higher  Mammals,  includirig  Man,  and  not  in  the  lower 
Mammals.  The  former  are  therefore  called  "  Placental 
Animals  "  (PlacentaZia). 

Another  characteristic  common  to  the  three  higher  classes 
of  Vertebrates  alone,  is  the  formation  of  the  third  appendage 
of  the  embyro,  the  amnion,  which  has  already  been  men- 
tioned. We  have  already  learned  something  of  the  amnion 
ui  noticing  the  separation  of  the  embryo  from  the  intestinal 
germ-vesicle.  We  found  that  the  walls  of  the  latter  rise  in 
a  ring-shaped  fold  round  the  embryonic  body.  In  front,  this 
fold  appears  in  the  form  of  the  so-called  head-cap,  or  head- 
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Rhcath  (Fig.  13!),  2  ''■»);  at  t'"-'  '"«'''•  't  »''*'*  areli'^  "I'WJinl 
anil  forins  Uic  tail-cai»,  or  tail-.slu-atli  {Kij,',  Ctll,  .^  ««) ;  on  thv. 
right  ami  left  »i«le9.  tlic  fol.i  is  at  lii-st  lower,  ami  ix  lierc 
calk-.!  the  si.h-caps,  or  si»l csh oaths  (Fij;,  140;  Fi;,^.  !!.->,  W..  .if. 
p.  317)-     All  these  ca|w  or  sheaths  are  only  |mi-ts  of  a  eon- 


Fto.  HO,— Tranavcrw  iPCtioD  through  id  rmbr.Toiiic  Chick  (n  little 
behind  the  antpriur  o|>cniii)(  of  the  intcitina),  >I  tho  odiI  iif  tbc  Tint  day  uf 
iDCubfttian.  The  miHliillBry  furmw  abore  *nd  the  intnliniil  furrow  licluw 
>re  (lill  H'iilo  open.  At  each  nidc.  (he  radiniciit  ot  the  bodyraTilr  (rn-lnma) 
ran  tie  tcvn  between  the  akin-tibrinia  \njr-T  nml  the  in(ri>liniirriliri>a<  Uy.r. 
On  the  h){ht  and  left  of  it,  ■!  the  oatnidc-,  llio  *ide-c«|u  of  tlie  miiiii.m  an' 
beKinninK  to  riie.      (Aft-T  Etcmitk  ) 

Dcctctl  ring-like  foiii,  which  pasaos  roiiml  the  enihryo.  Tlii^ 
growK  higher  ami  higlier,  risi-s  like  agivat  eQciifliii^  wall,  ami 
finally  arches  ovei  the  lio.!y  of  tin-  .inhryo,  so  as  t*.  form  a 
cavem-likt;  covering  over  the  latte-i-.  The  etlge.s  of  the  ring- 
like  fiihl  ni.«t  ami  cah-sct-  (Figs.  141,  U'J).  The  .nil.iyo. 
thus,  at  last  Uvh  in  a  tliin  nieinhranous  Nac,  HMol  witli  the 
anmioD-Hiiiil  (Fig.  1311.  ,,  ,  nA  1. 

When  the  wie  is  com|.I.t.ly  iIo--.l,  tlie  inner  layir  of  tlie 
fohl.  which  fonns  th..  ,v„l  whH  ..f  llie  sae.  with-l.-aws  r..ni- 
|»leU-ly  from  tlie  oiiUi-  layer  The  latU-r  atUiehes  it^i-lf  t<> 
the  in.siile  uf  the  oiiU^r  egg-iiieiiil<|-aiii'  ("  |<rocliorion  ").  It 
HUpplantu  i\\i»  prochoriun.  am)  tViniut  tliu  |>cnnaiivnt  tiifttnl 
niemlirane,  tho  true  "choriwa"  Thin  ari-M-x  Hok'ly  from 
th«  hi>m-|)latv  (Fig.  13!),  .,  «•/<).  The  thin  wall  of  the 
amnion-sac,  on  tlie  other  liatul,  cuimi^tH  uf  two  Htrata :  of  an 
inner  stratuni,  the  horn-plate,  and  of  an  out«r  stratum,  tho 
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skin-fibroiifl  layer  (Figs.  141, 142).  The  latter  is  indeed  here 
very  thin  and  delicate,  but  yet  can  be  distinctly  shown  to 
be  A  direct  continuation  of  the  leather-skin  (coHum.),  and 


FiQ.  141. — Transverse  aeotion  through  an  embr>onic  Chick  in  the  navel 
region  (at  the  fifth  daj^  ot  incubation).  The  amnion.folds  (am)  almost 
meet  over  the  back  of  the  cmbrjo.  The  intestine  (d),  still  open,  paasos 
bctuw  into  the  yelk -sac  :  tif,  in  test  iiial -fibrous  lajer  ;  ah,  nolorhnrJ  j  no, 
noTla ;  rr,  prinni|>al  vcina  ;  hh,  Tentral  cavity,  nnt  yet  closed ;  i',  anterior, 
•I.  iHTStorior  nerve  roots  of  the  spinal  marrow;  ntu,  muscle-plate  ;  hp, 
leather- plate ;  h,  horn-platp.     (After  Rcmak.) 

is,  therefore,  the  outermost  layer  arising  from  the  fission  of 
the  middle  germ-layer  (fueitodervia).  Thus  the  outer 
peripheric  iwrtion  of  the  skin-fibrous  layer  clothes  only  the 
inner  lamella  of  the  aiunion-fold  (the  head -sheath,  tail- 
sheath,  etc.),  and  extends  only  to  the  edge  of  the  fold  itself 
The  outer  lamella  is  fonned  entirely  by  the  horn-plate,  and 
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it  pr(»<liicos  the  U\tU-A  clmriim,  tlii;  Imilnw,  hmiiclifil  tiitls  of 
wliii;))  gi-ciw  int->  tli«  tli'iin-wioiis  in  l)i<'  nnicoiis  iiii-iul>nuiti 
of  tlic  inftt«niftl  iitt-ms. 


Fin.  142.— Tr«miTc™o 
•ectinn  thrciDKh  an  cm. 
brjoaio  Chick  io  Iho 
■honUer  region  (at  tbo 
flrth  day  of  iiicubatinn). 
ThasectionpaMO«iniilwk7 
betwem  tbc  nxllmciiUi  of 


..K). 


{..r 


fuldi  hkvo  KTown  cooi- 
plcU'lf  logothiT  OVIT  tbc 
l«ck  of  Hir  PmlTvo. 
(Afier  Kcmnk.)  (LWi. 
pan-,  u  regnrda  ulhcr 
poinl'.o'ithFiKS.  13!),  1U>, 
u>4  1(1,  Kad  I'lalc  V. 
Fig.  11) 


In  liuinnn  Pliyl'i{jrny  thi'  nmninn  !■*  pftrticiilarly  i»- 
t«n«tinf(,  luTaii-u'  it  !.■<  a  jx-ciiliar  rluimcti'ii-ilic  uf  tlii'  tliive 
higlivr  (;Ias-«'s  of  Vi'rt<-lirntfs.  Mnniiiml.s,  Hii<l«.au<l  I^'|itik>H 
alon<^  iwwswwf  it,  rikI  tluTofini-  tlifnt;  tlin'*'  cla-'f.HfM  aiu 
gr(>ii{><.-il  to^'i'ttirr  in)c1<  r  t)ii>  nntn>-  of  Atniiioii  AniiiialH.  iir 
Ar>,,>;ot><.  All  Amnion  Aiiinmls.  inetii.lin^'  Man,  rk  •li- 
ticcni)<-'l  from  a  cinnmiiii  ]iAn'nt-fi>nn  All  tin'  lower  Vert<>- 
brat<-s,  on  the  coiitmry.  entirely  want  thin  amniotic  fonimtion. 

Of  tho  thiee  l.la.M-T-like  ft].j..-ti.]a:,'.-H  of  the  emliryo  just 
mentionet),  the  nnmion  has  no  li|<KHl-ve.t.-4'iH  nt  any  |H-i'i<Hl 
of  it*  exist*'np.'.  On  Ihc  contrary,  the  two  .itlier  hla.iclern. 
the  y«lk-sac  ami  the  Hllantj)is,  an-  |)r<ivi<lei|  witli  larp.-  Iih><«l- 
vefweU,  which  accomplish  the  nutrition  of  tho  eiuhryunic 
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body.  Here  we  may  speak  of  the  first  circulation  of  blood 
in  the  embryo,  and  of  its  central  organ,  the  heart.  The  first 
blood-vessels  and  the  heart,  as  well  as  the  first  blood  itself, 
develop  from  the  intestinal-fibrous  layer.  On  this  account 
the  latter  was  called  the  vascular  layer  by  the  earlier  em- 
bryologista  In  a  certain  sense  this  name  is  quite  correct ; 
Dnly  it  must  not  be  understood  to  imply  that  all  the  blood- 
vessels of  the  body  proceed  from  this  layer,  or  that  the 
whole  of  the  vascular  layer  is  applied  only  to  the  formation 
of  the  blood-vessela  Neither  is  the  case.  The  intestinal- 
fibrous  layer  also  forms,  as  we  saw,  the  whole  fibrous  and 
muscular  wall  of  the  intestinal  tube,  and  also  the  mesentery. 
We  shall  presently  find  that  blood-vessels  can  form  in- 
dependently from  other  parts,  especially  in  the  various  parts 
proceeding  from  the  skin-fibrous  layer. 

The  heart  and  blood-vessels,  and  the  whole  vascular 
system,  are  by  no  means  among  the  oldest  parts  of  the 
animal  organism.  Aristotle  assumed  that  the  heart  of 
the  Chick  was  formed  first ;  and  many  later  authors  have 
shared  this  view.  This  is,  however,  by  no  means  the  case. 
On  the  contrary,  the  most  important  parts  of  the  body,  the 
four  secondary  germ-layers,  the  intestinal  tube,  and  the 
notochord,  are  already  formed  before  the  first  indication  of 
the  blood-vessel  system  appears.  This  fact,  as  we  shall  after- 
wards find,  is  in  complete  harmony  with  the  Phylogeny  of 
the  animal  kingdom  Our  older  animal  ancestors  possessed 
neither  blood  nor  heart 

We  have  already  examined  the  first  blood-vessels  of  the 
mammalian  embryo  in  transverse  sections.  They  are,  first, 
the  two  primary  arteries,  or  "  primitive  aortae,"  which  lie 
in   the   narrow  longitudinal   cleft  between  the  primitive 
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spinal  cords,  the  siJc-pIatcs,  and  the  intestinal-glandular 
layer  (Figa  92,  ao,  Fig.  95,  96,  ao) ;  and,  second,  the  two 
principal  veins,  or  "cardinal  veins,"  which  appear  somewhat 
later,  outside  the  former,  above  the  primitive  kidney  duett 
(Fig.  96,  vc,  Fig.  141,  vc).  The  primitive  arteries  seem  to 
arise  by  fission  from  the  inner  parts  of  the  intestinal-fibroua 
layer;  the  primitive  veins,  oa  the  contrary,  from  tlie  outer 
parts  of  the  same  layer. 

In  just  the  same  way,  and  in  connection  with  these  first 
blood-vessels,  the  heart  also  arises  from  the  intestinal- 
fibrous  layer,  in  the  lower  wall  of  the  anterior  intestine, 
near  the  throat,  at  the  place  where  the  heart  remains 
throughout  life  in  Fishes.  Perhaps  it  will  not  seem  very 
poetic  that  the  heart  develops  directly  from  the  intestinal 
wall  But  the  fact  cannot  be  altered,  and  is  also  easily 
comprehensible  phylogenetically.  The  Vertebrates  are,  at 
any  rate,  in  this  respect  more  sesthetic  than  the  Mussels. 
In  these  the  heart  remains  permanently  lying  behind  on  the 
wall  of  the  rectum  near  the  anus,  so  tliat  the  heart  seems  to 
be  penetrated  by  the  rectum. 

Midway  between  the  gill-arches  of  the  two  sides  of  the 
head,  and  rather  further  back,  at  the  throat  of  the  embryo,  a 
wart-like  thickening  of  the  intestinal-fibrous  layer  devel(>|)g 
on  the  lower  wall  of  the  intestinal  head  cavity  (Fig.  143,  d/). 
This  is  the  first  rudiment  of  the  heart.  This  swelling  is 
spindle-shaped,  at  first  quite  solid,  and  is  formed  entirely  of 
cells  of  the  intestinal-fibrous  layer.  It  afterwards,  however, 
curves  in  the  form  of  an  S  (Vi^.  144,  c),  and  a  little  hollow 
is  formed  in  its  centre,  in  con.H<*quence  of  the  accymulation 
of  a  small  quantity  of  fiuid  between  the  central  cells. 
Some  single  ccUs  of  the  wall  sei>aratc  from  the  rett  and 
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float  about  in  this  fluid.    These  cells  are  the  first  blood- 
cells,  and  the  fluid  is  the  first  blood.     In  the  same  way 


Fto.  14n.~Ijon^itadinal  fecliaa  thnMi<;li  Ihc  head  of  an  ombrjonio  Chick 
(U.  tho  end  [iF  tho  flmt  day  uf  incubation) :  m,  medullary  tube;  ch,  uoto- 
cbordi  d,  intestinal  tube  (with  a  blind  anterior  ond);  k,  hcod-plates  ;  df, 
first  rudinipnt  of  the  heart  (in  the  i nl est inol- fibrous  layer  of  the  ventral 
wall  (if  tliL<  hmd  inti'htinc) ;  hli.  carity  for  the  heart ;  hk.  membrane  of  the 
bcarti  tt,  hcud-cap  of  the  aoiniou  i  (s,  bcod'Shcatb;  h,  horn-plHtv.  (After 
Itcmak.) 

Fifi.  1  |.l.--UumBn  embryo,  of  11  to  18  dnyp,  o|ienecl  nt  the  vpiitral  side. 
Under  the  forehead -prncesn  of  tho  head  (I)  tbo  heart  (e)  Bp|>oars  in  the 
heBirt-oaTity  (p)  ivilh  the  base  of  the  aorta  (d),  Tlic  Krealcr  part  of  thu 
yolfc-snc  (o)  has  U-en  removed  (at  i-,  the  oiMrninR  of  the  anterior  inlojtine)  ■ 
jti  tlio  piiiniLivo  aurt'u  (Ivin^  undt-r  the  primitive  vortebnc)  ',  i,  terminal 
inleBtino,  or  large  mtesline  ;  a,  allautois  (ii,  its  stalk)  ;  i;  amuiou.  (After 
Costo.) 
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blood    arises   in   the   first  rudimentary   blood-vessels  con- 
nected with  the  heart.     These  also,  at  first,  are  solid,  round 


Pig.  Ii5. — Timnsrerae  1001100  through  the  head  of  an  embrjonio  Chick 
of  36  boon.  Below  the  medullary  tube,  the  two  primitive  aort«  (yxi)  are 
riaible  in  the  head-plates  («)  on  both  nidea  of  the  notochord.  Bcluw  tho 
throat  (d)  can  bo  seen  the  aortal^nd  of  the  heart  (a^) ;  hh^  heart-carit  j  : 
hkf  heart  membrane ;  ks,  head-aheath,  amnion-fold ;  h,  horn-plate.  (After 
Bemak.) 

Fio.  146. — TrantTerae  ■ectioo  throoffh  th©  heartrefnoii  *>'  ^^»**  B«mo 
Chick  (farther  back  than  the  former).  In  the  heart-caritj  (hh),  tho  heart 
(k)  ia  Ktill  connected  by  a  heart-meacntery  (hg)  with  the  inteatinal-fibrttut- 
laycr  (df)  of  the  anterior  intestine :  d,  intestinal -gland  alar  Inyor ;  tip, 
primitive  rertebral  plates;  gh^  mdiment  of  tho  ear-vesicle  in  the  horn- 
plate  I  hp,  first  rising  of  the  amnion-fold.     (After  Bemak.) 

cords  of  cells.  Thoy  then  become  hollow,  while  a  fluid 
separates  and  gathers  in  the  centre,  and  single  cells  detach 
themselves  from  the*  rest  and  become  blood-cells.  This  is 
equally  true  of  the  arteries,  which  cancy  the  blood  from  the 
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hearty  and  of  the  veins,  which  cany  the  blood  back  to  the 
heart. 

At  first,  the  heart  lies  within  the  intestinal  wall  itself, 
from  which  it  has  developed,  as  do  the  first  main  blood- 
vessels proceeding  from  it.  The  heart  itself  is  in  reality 
only  a  local  extenmon  of  one  of  these  main  blood-veasela. 
Soon,  however,  the  heart  separates  from  its  place  of  ori^n, 
and  now  lies  &eely  in  a  cavity,  called  the  heart-cavity 
(I'igs.  1*5,  hh,  146,  hh).  This  heart-cavity  is  merely  the 
anterior  part  of  iha  body-cavity  (cadoTna),  which,  as  a 
horseshoe-shaped  arch,  connects  the  right  and  left  diviuons 
of  the  coelom  (Fig.  110).  The  wall  of  the  heart-cavity  is 
therefore  formed,  like  that  of  the  remainder  of  the  body- 
cavity,  partly  by  the  into^tinal-fibrous  layer  (F^.  146,  (If), 
and  partly  by  the  skin-fibrous  layer  (hp).  While  the  heart 
is  separating  from  the  anterior  intestine,  it  remains  for  a 
short  time  attached  to  the  latter  by  a  thin  plate,  a  heart- 
mesentery  (Fig.  14C,  /if/).  It  afterwards  lies  quite  freely  in 
the  heart-cavity,  and  is  directly  connected  with  the  intestinal 
wall  only  by  the  main  blood-vessels  which  pass  from  it. 

The  anterior  extremity  of  this  spindle-shaped  heart- 
formation,  which  soon  assumes  a  curved,  S-shaped  form, 
divides  into  a  right  and  a  left  branch.  These  two  tubes 
are  arched  and  curved  upward,  and  represent  the  two  first 
aortae-arches.  They  mount  up  in  the  wall  of  the  anterior 
intestine,  which,  in  a  measure,  they  encircle,  and  they  there 
unite  above  at  the  upper  wall  of  the  intestinal  head-cavity 
in  one  large  single  main  artery,  which  passes  backward 
immediately  under  the  notochord,  and  which  is  called  the 
main  aorta  {aorta  principalis.  Fig.  147,  a).  The  first  pair 
of  aortte-arches  passes  up  on  the  inner  wall  of  the  first  paii 
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of  gi]l-archefl,  knd  lies,  tlierefore,  between  the  tiixt  gill-arch 
{k)  on  the  outside,  aud  tlie  anterior  interline  (d)  on  the 


Fic.  147.— DiBgnmnuttic 
tmniTpno  leotion  tbrooffb 
the  bcmd  of  sn  embiyooic 
Itkmnwl  1  h,  liom-plKt« ;  nt, 
medallkr/  tube  (brkiu-bUd- 
dor)  i  mr,  wftll  itt  ths  Utter  ; 
', leather- plate;  1,  rndiment- 
■rj  skull ;  '  eh,  notochonl ; 
k,  gill-aroh  i  np,  miucle- 
platfl ;  e,  btmri-cmriij,  an- 
tohur  part  ot  the  bodj- 
carity  (nalonu)  i  d,  in- 
Uatioal  tabo ;  dd,  iotea- 
tinail-gluidalar  lajer;  df, 
intestinal -mtuclo  plalej  h$, 
heart-meaentory  1  hw,  heart- 
wall  ;      U,      rentricle ;     at, 


■Mlion  tbrougb  lh«  aorta. 

inside, — ^just  aa  these  vattcular  arches  are  situatMl  in  ailult 
fishes  throughout  life.  The  single  main  aorta,  which  reittiltH 
from  the  union  above  of  these  two  fintt  vascular  arches, 
soon  again  divides  into  two  ]iarailel  branches,  which  pass 
backward  on  both  sides  of  the  iiotochord.  These  are  the 
primitive  aorta-,  which  have  been  already  s]Miken  of;  they 
are  also  callol  {>i>st4:riur  vertebral  arteries  {mii-riie  vrrlf- 
brttlfK  jMiHliTioivH).  TlK'se  twii  main  arteries  send  out  on 
each  side  from  four  to  live  branches  at  rig)it  angles,  which 
pass  from  the  txHly  of  the  embryb  into  the  ^'enn-ftrca.  and 
are  called  the  om|ihalic-mesenteric  arteries  {ttrtfiin^umjJmlo- 
iiUXTiteriav),  or  the  yelk-arteries  (niirr'ne  vUfUiiur). 
They  represent  the  Hr^tt  nidimcnU  of  a  cireulaticin  within 
the  g«-nn-area.  The  first  blood-vessels,  therefore,  pass  out 
from  the  body  of  the  embryo  and  extend  to  the  edt^  of 
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the  gcnu-aveii.  Numerous  blood-vessels  form  in  tlie  intes- 
tinal-tibi-oas  layer  of  the  gorni-ai-ea.  They  are  at  fii-st 
confined  to  tJic  dark  genii-area,  or  the  so-called  "'  vascular 


Fio.  1 18. — Canoe -aluifwd 
ironii  of  a  Dog.  from  the 
vontnil  aido ;  onliirgod 
kUunt  10  LitiiuH.  In  front, 
hei.iw  the  fun-hond,  tbo 
finit  pair  of  gill-aielies  are 
viailito  ;  bolon-  thoao  ia  the 
^  ahapud  bi?nt  lipftrt,  olDbv 
.tid   un  citber  aids  of 


li  lie  Ibc  I 


clos.  Poatorior!;,  the  heart 
d  videa  into  the  two  yelk- 
V  na,  which  spread  Cbeni- 
Ei?1voa  over  tlie  genn-anm 
(Ihc  groatar  part  ol  thJB  has 
been  torn  away).  At  tht> 
bultotn  uf  the  upcu  veDtral 
cnvitj  the  primiliro  HortBi 
lie  between  the  primitive 
ferteline,  and  from  which 
Qvo  pHira  of  jelk-artsriea 
prooeed.    (Aftor  Biacboff.) 


area  "  {area  opaca,  or  area  vasculosa) ;  but  they  afterwards 
extend  over  the  whole  outer  surface  of  the  intestinal  geira- 
vesjcle.  The  whole  yelk-sac,  finally,  seeiua  to  be  enveloped 
in  a  network  of  blood-vessels.  It  ia  the  function  of  these 
blood-vessela  to  collect  food -material  fixini  the  contents  of 
the  yelk-sac  and  carry  it  to  the  body  of  the  embryo.  Tliis 
ia  done  by  veins,  by  blood-vessels  leading  back,  which  pass 
in  at  the  iioaterior  opening  of  the  heart,  fii-st  from  tlio  genn- 
area  and  later  from  the  yelk-sac.  Tliese  veins  are  called 
yelk-vfins  (vencB  vitellina;) ;  they  are  also  often  called 
ompbalic-nieseuteric  veins  {vemx  ompJudo-viesente^-iaE). 
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TbuB  the  first  circulatory  system  of  the  blood  in  the 
embryo  (Figa.  14^150)  occurs  in  all  the  highor  classes  of 


Fia.  14S.— KmbcTO  ud  germ-UM  of  &  Rmbliit,  in  irhich  Um  avliMt 
radimanU  of  the  blood>Te«eli  apprmr,'  -w«n  from  tb*  Teotnl  nde  (magni. 
Aed  •bant  ten  times).  Tbe  poatarior  end  of  the  nrnple  heart  (a)  dmdei 
into  tiro  large  jelk-Teini,  which  form  a  network  of  blood-*ewrl(  on  the 
dark  germ-ania  (whioh  appnn  light  on  the  black  backgnmnd ).  At  Ibo 
be«d  oitreroitj'  the  fore-brain  with  thit  twi>  pTe-ToaiclM  (bfc)  may  be  •con, 
Tbe  dark  centre  iit  llio  irprni  U  the  wiili'-'i]>on  inLoliiml  cavity.  T<-n 
primiliiTD  TcHobra)  an;  riiibiu  on  each  aide  ut  (he  noiiichurd.  {Afici 
BiaoboB.) 

Vertebrates  in  the  following  minplc  oixltr,  Tlie  very  Hiinjilo 
pouch-sha{ied  heart  (Fig.  150,  d)  <]ivi<lcs  l>otli  in  fmnt  ami 
behind  into  two  voswls.  Thow*;  at  the  laifk  are  veins 
leading  to  the  heart.  They  take  food-tnatcrial  from  the 
germ-vesicle,  or  yelk-uc,  and  cany  it  to  the  body  of  the 
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embryo.  The  vessels  passing  from  the  heart  in  front  are  the 
^ll-arch  arteries,  leading  from  the  heart,  and  which,  rising 
as  aorta-arches,  encircle  the  anterior  end  of  the  intestine, 
and  unite  in  the  main  aorta  {aorta  prinmpalis).  The  two 
branches,  which  result  from  the  division  of  this  main  artery. 


Fig,  150.— Embryo  and  germ-arca  of  a  RabUc,  in  which  the  first  Bfitom 
of  blomJ-Tessolfl  ia  complete,— aeen  from  the  vpntrol  aiilo  (magnified  about 
five  times).  The  posterior  end  of  the  Keart  (rf),  which  is  curved  in  the  form 
of  an  S.  divides  into  t«-o  largo  j-elk-Toins,  each  of  wliieh  senda  out  an 
anterior  branch  (h)  and  a  poaterior  branch  (c).  Tho  ends  of  thene  unite  in 
the  circular  boundnij  vein,  or  leriniiinl  vein  {i-.terminalis)  (a).  In  the  KCi-m- 
■roa  may  bo  seen  the  coarser  vonooa  network  (lying  below),  and  tho  finer 
arterial  network  (lying  neariT  the  aurfaw).  Tho  volk-arteriea  if)  o|icn 
into  the  two  primitive  aortm  (f).  The  dark  area  which  eurroundu  the  head 
like  a  halo,  reproaenla  tho  rocoM  within  tho  head-cap  or  roembrone. 
(After  Bisohoir.) 
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the  primitive  aorte.send  out  right  and  left  the  yelk -arteries, 
which  leave  the  body  of  the  embryo  and  pass  into  the  germ- 
area.     Here,  and  in  the  circumference  of  the  navel- vesicle, 
two   layers  of  vessels  are  distinguishable — the  superficial 
arterial  layer,  and  the  lower  venous  layer.    The  two  are 
connected  together.     At  first  this  system  of  blood-vessels 
is  extended  only  over  the  superficial  front  of  the  germ-area 
as  far  as  the  edge.     Here,  on  the  edge  of  the  dark  vascular 
area,  aU  the  branches  unite  in  a  large  terminal  vein  {vena 
terminalis,  Fig.  150,  a).     This  vein  disappears  at  a  later 
period,  as  soon  as,  in  the  course  of  development,  the  for- 
mation of  blood-vessels  progresses  further,  and  then  the 
yelk-vessels  traverse  the  whole  yelk-sac     When  the  navel- 
vesicle  degenerates,  these  vessels,  of  course,  also  degenerate, 
being  of  importance  only  in  the  first  period  of  embryonic 
life. 

This  first  circulation  in  the  yelk-sac  is  replaced,  at  a 
later   period,  by   the   second   circulation   of  blood   in    the 
embryo,   that  of    the   allantoia      Large   blood-vessels  are 
developed  on   the   wall  of  the  primitive   urinary  sac,  or 
allantois,  from  the  intestinal-fibrous  layer.     These  vessels 
grow  larger  and  larger,  and  are  most  intimately  connected 
with  the  vessels  that  develop  in  the  body  of  the  embryo 
itself.     This  secondary  allantois  circulation  thus  gradually 
takes  the  place  of  the  original,  primary,  yelk-sac  circulaticn. 
When   the   allantois   has  grown  to  the  inner  wall  of  the 
chorion,  and  has  changed  itself  into  the  placenta,  its  blood- 
vessels alone  accomplish  the  nourishment  of  the  embryo. 
They  are  called  navel-vessels  {vasa  umbilicalia),  and  are 
originally  in  pairs :  one  pair  of  navel  arteries,  and  one  pair 
of  navel  veiiia     The  two  navel-veins  (vctub  umbUicaUi^ 


400  TBI  EVOLnnON  OF  KAK. 

Figs.  123,  u,  124,  u),  which  cajry  blood  from  the  placenta  to 
the  heart,  open,  at  first,  into  the  united  yelk-veins.  Those 
last  afterwards  disappear,  and  the  right  navel-vein  tdmul- 
taneonsly  diaappeata  entirely,  so  that  a  single  great  vein, 
the  left  navel-vein,  alone  remains,  which  carries  all  tht 
nutritive  blood  from  the  placenta  into  the  heart  of  the 
embiyo.  The  two  arteries  of  the  allantois,  or  the  navel- 
arteries  (arf«ruB  u7nlnlieaUe,Figa.  123,«,  124,n),  are  merely 
the  last,  posterior  extremities  of  the  two  primitive  aortas, 
which  are  afterwards  greatly  developed.  '  It  is  not  until  the 
end  of  the  nine  montils  of  embiyonic  life,  when  the  human 
embryo  is  bom  and  enters  the  world  as  an  independent 
physiological  individual,  that  the  navel  circulation  loses  its 
significance.  The  navel  cord  (Fig.  138,  as),  in  which  these 
larger  blood-vessels  pass  from  the  embryo  to  the  placenta, 
is  removed  with  the  latter  at  the  so-called  "after-birth," 
and  an  entirely  new  circulation  of  the  blood,  limited  to  the 
body  of  the  child,  comes  into  operation  simultaneously  with 
pulmonary  respiration."" 

Now,  if,  in  conclusion,  we  briefly  review  the  germ- 
histoiy  of  Man  as  far  as  we  have  traced  it,  and  endeavour 
to  comprehend  the  whole  subject  in  one  connected  view,  it 
seems  desirable  to  divide  it  into  several  main  sections,  or 
periods,  and  these  into  subordinate  stages,  or  iitcps.  With 
reference  to  the  phylogenetic  significance  of  this  liistory, 
which  we  shall  next  consider  more  closely,  it  seems  to  me 
most  appropriate  to  make  the  four  main  divisions  and  ten 
sub-divisions  as  distinguished  in  the  following  pages,  which 
correspond  to  the  most  important  phylogenetic  stage.s  of 
development  of  our  animal  ancestors.  (Cf  Table  XXV. 
at  the  end  of  the  nineteenth  chapter.)    This  will  again 
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«hcw  that  the  germ-history  of  Man  (according  to  the  law 
of  abbreviated  heredity)  is  very  rapid  and  coinprcascd  in 
the  first  stages  of  its  coui*so,  but  grows  slower  and  slower 
in  each  succeeding  stage.  All  the  remarkable  phenomena 
which  we  observe  in  the  transformation  of  the  human 
ftmbryo  in  the  whole  course  of  our  Ontogeny,  are  intel- 
ligible only  with  the  help  of  Phylogeny,  and  are  explicable 
only  by  reference  to  the  historical  metamorphoses  of  our 
animal  ancestry. *•• 

It  is  true  that  if  the  ontogenetic,  and  the  phylogenetic 
stages  (in  Tables  VIII.  and  XXII.)  are  carefully  compared, 
a  complete  agreement  between  the  two  is  not  observable ; 
on  the  contrary,  there  are  many  individual  divergences.  In 
germ-history  many  organs  appear  earlier,  others  later, 
than  the  probable  course  of  tribal  history  leads  us  to 
expect  But  an  adequate  explanation  of  these  divergences 
is  fpund  in  the  various  kenogenetic  modiHcations  which 
the  germ-history  of  the  higher  Vertebrates  has  undergone 
in  the  long  course  of  its  evolution.  This  will  become  quite 
clear  when  we  carefully  compare  the  germ-history  of  Man 
with  the  Ontogeny  of  the  lowest  Vertebrate,  the  Amphioxu.s. 
an  Ontogeny  distingni>li(Mi  l»y  UMiacious  inheritance  of  the 
original  ('(MirM*  «»f  ixuliititiii. 
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SlSTEMATIC   SuiTIT   OF  THI  PtllOM  IN   HCHAN   OnD'HtBTOBr. 

(Cr.  T«Ue  XXII.) 


rmST  UAIN  DITISIOH  OP  OBBU-HISTOar. 
■mi  u  ft  ilmpls  Flutld. 
The  hniniui  einbT70  posscsBea  the  furui-v:ilue  of  u  aimple  mdividmil  uf  tin 
ant  order  of  ■  aingle  pUstid. 

Fint  &ta^  :  Kongrola  8ta^  (Pig.  36,  p.  ElO). 
The  hnman  germ  ii  k  simplo  oTtod  (the  impregnftted  egg-cell  mftor  the 
lose  of  the  germ-TosicIo). 

Second  Stage :  Cytnla  Stkga  (Fig.  37,  p.  SIO). 
The  homsji  germ  ia  k  aimple  cell  (the  imprc^iutod  OTulo-ocll  with  tbn 
re-fonued  kemel,  or  the  parent-oell). 

BKCOND  MAIN  DIVISION  OF  QEEM.nlSTOQY. 

Vut  u  a  Duuir-oeUed  PrimitlTe  Anlival. 

The  human  aiiibrjo  ooDaisto  of  many  oella,  which,  however,  ac  jtA  fomi 

uo  organs;  it  therefoiv  poaaeaaei  the  tann->a1oe  of  no  individnaJ  of  the 

■eoond  older. 

Third  Stage:  Konila  Stage  (Fig.  40,  p.  212,  and  PI.  II.  Pig.  11). 
The  hnman  germ  iia  globalar  cell-masi,  of  which  one  homisphoie  couaiata 
of  animal  oella,  the  other  of  vegetatiie  cells. 

Foortli  Btage :  Blaatola  Staga  (PI.  II.  Pig.  16). 
^e  hnmaD  germ  i>  a  Teeiole,  the  wall  of  which  caoai^ta  of  animat  cells, 
ita  oontenta  of  Togetative  caii^ 
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THIRD  MAIN  DIVISION  OF  GERM-HISTORY. 

Man  u  an  inTarUbraU  InUttinal  AnimaL 

The  hanian  embryo  posscasot  the  form-ToIae  of  an  individaalof  the  third 
•rder,  an  uoarticolated  person  (a  tingle  metameron).  The  primitive  in- 
teetinal  caritj  ii  enclosed  bj  two  priniarj  germ*la}-er«,  from  the  fiation  of 
which  funr  leoondary  germ-Iayert  are  presently  formed. 

Fifth  Stage  :  Oanmla  Stage  (Fig.  41,  p.  213,  and  H.  II.  Fig.  17). 

The  haman  germ  forms  an  Amphigastmla,  consisting  solely  of  the  two 
primary  germ-layers,  the  skin-layer,  and  the  intestinal  layer.  The  carity  of 
the  primitive  intestine  ia  oocapied  bj  entoderm  cells,  which  also  plog  the 
pfimitire  month. 

Biith  Stage :  Chordoninm  Stage  (Fig.  90,  p.  802). 

Tlie  hnmnn  germ  possesses,  in  all  essential  points,  the  oi-gnnization  of  a 
worm,  of  which  the  nearest  existing  allied  form  seems  to  be  the  ascidian 
larra.  Fonr  secondary  germ-layers  have  developed  from  the  two  primary 
germ-layers,  and  coalesce  along  the  central  line. 


FOURTH  MAIN  DIVISION  OF  GERM  HISTORY. 

Man  as  a  tma  Vertebrate. 

The  haman  embryo  ftoftiieiMcs  the  form. value  of  an  articulated  person, 
or  a  metameric  chain.  The  articulation  principtally  affects  the  bony 
system  (primitive  vertebra))  and  the  mnncle-system.  The  skin-eensory 
layer  iM  divided  into  the  horn-plate,  the  mi^dullary  tube,  and  the  primitive 
kidneya.  The  skin.fibrons  layer  has  se(»amted  into  the  leather- plate,  the 
primitive  vertobrsD  (muscle-plate  and  bonc-plnte),  and  the  notochord.  Fnini 
the  intestinal-fibrous  layer  proceed  Uie  heart  with  the  principal  bhxtd. 
veeeels,  and  the  fleshy  intestinal  wall.  From  the  intestinal-glandular  layer 
the  epithelium  of  the  intestinal  tube  ia  formed. 

Seventh  Stn^.'o :  Aeranial  Stage  (Figs.  103,  107,  pp.  342,  S44> 

The  human  germ  possesses,  in  essential  points,  theitrganitationof  a  skull* 
leas  vertebrate,  similar  to  the  devolo|M«d  Amphiozus.  The  body  alrea^ly 
forma  a  chain  of  metamera,  as  several  primitive  vurt^'brss  have  become 
distinct.  The  head  ia,  however,  not  yet  distinctly  separated  from  the 
imnk.  The  medallary  tube  has  not  yet  differentiated  into  the  brain* 
bladdeca.    The  sknll  ia  itill  wanting,  as  are  also  the  heart  and  liml«. 
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Eighth  Stage :  CTdoftonu  Btaga  (Fig.  132,  p.  377,  PI.  VII.  Fig.  M  !.> 
The  hnrntui  germ  pnfliuincB,  in  eHantial  pointi,  the  organiiAtion  of  k  gill- 
leas  oranikl  aniouil  (like  the  derelopcd  M}-iiiioid&  and  PaCroinfiontA).  Tbc 
nnmber  of  metAmciu  i*  increulnir.  The  hpad  is  more  distinotlj  diffcreoti- 
kted  from  the  tnink.  The  anterior  eitremitj  of  the  medullai;  tube  iwelli 
in  tho  form  of  a  bladder,  and  forms  Che  mdimenlar;  brain,  which  KKm 
diridei  into  Gve  bnun-bladdBn,  Ijing  one  behiud  the  other.  On  the  aides  of 
then  appear  tliu  radimcnti  of  the  three  higher  MinKJ-orgaiu  :  the  noie-pit, 
and  the  eye  and  ear  Teiiclei.  With  the  first  oii'uulation  of  the  blood  tbc 
heorl  begina  it*  aotivitj.    The  jaws  and  limbg  are  still  wanting. 

Ninth  Stage :  lahthTad  Kaf  (Fig.  134,  p.  3TB,  PI.  Vn.  Fig.  It  Il.l. 
The  human  gcrui  pusaeaaei,  in  ei^cutial  points,  (he  organiiotioa  of  a  lib 
(or  a  Bsh-Iike  Sknlled -animal).  The  two  pain  of  limbs  ap|i«ar  in  the  simpleat 
form,  aa  fin-like  processes:  a  pnir  of  anteriur  limbs  (dorsal  finit}  and  one 
p^r  of  poal«rior  limba  (venliul  fina].  The  gill-uppniiigg  ara  i:iiiiijile(«ly 
formed,  and  between  these  the  gill-arches  form;  the  Tirat  pair  of  gill -arches 
differentiule  into  the  radimeuta  of  the  upper  and  lower  jaws.  From  the  in. 
tcatinal  canal,  proceed  Imigs  (Bwiraraingbliwidor),  liver,  and  pancrcaa. 

Tenth  Stage:  Amniotic  Stags  (PI.  VII.  Pig.  «  III.,  PI.  VIII.). 
The  huDiaji  germ  poHscssoa,  in  easciilial  |Hjiut8,  tlio  orf^aiiiiatioa  of  an 
AmiiioD-onimal  (of  a  higher  gilMona  Vcriubrate).  The  giU-upeuinga  disap- 
pcBi'  by  coQcreBcence.  From  the  gill. arches  doTclnp  tho  jaira,  the  tongne- 
boDe,  and  the  bouelett.  (uesicloii)  of  tiro  ear.  The  allantoiB  perfects  itself, 
and  cbangea  into  the  peripheric  portion  of  the  placenta.  All  the  or|;aus 
gradnally  acquire  the  toims  peculiar  to  tlie  mammals,  and  at  last  the 
■|>eoiGc  human  foToi.  (Compare  oil  these  points  the  Phyleguuy  iu  tlie 
following  ilmpters.i") 


PLATS  VIII 


PLATE  IX 
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EXPLANATION  OP  PLATES  VIIL  AND  IX. 

(Both  Plates  are  copied  from  Erdl,  *'  Entwiekelung  dee  Menechen,"  *'*') 
Plats  VIII.  Fio.  1. — A  haman  embryo  of  nine  weeks,  taken  out  from  the 


afrg-membranefl  and  magnified  throe  times.  (Erdl,  Plate  XII.  Fig.  1-A  ) 
The  iknll  is  itill  qnite  transparent,  so  that  the  different  divisions  of  the 
brain  show  through  :  the  large  mid -brain  (*'  foni^bulbs  ")  is  separated  from 
the  scarcely  larger  fore 'brain  (cerebrum)  by  a  shallow  groove,  but  from  the 
smaller  hind-brain  (cerebellum)  by  a  deep  indentation.  The  forehead  is 
saoch  arched  in  front ;  the  nose  is  yet  rery  undeveloped ;  the  eye  is  still  dis- 
proportionately large  and  wide  opeo.  The  upper  Up  is  still  very  shoK  and 
thickly  swollen  ;  the  under  lip  is  very  thin  ;  the  chin  is  short  and  rery  re- 
treating. The  whole  face  is  wry  small  in  proportioo  to  the  skull.  The  ear* 
shell  is  also  very  small,  bat  the  outer  opening  of  the  ear  very  large.  The 
neck  is  still  rery  short ;  the  trunk,  only  about  a  third  longer  than  the  head, 
is  of  uniform  thickness,  and,  towards  the  tail,  is  produced  into  a  blunt  point. 
The  two  pairs  of  limbs  are  already  completely  articulated.  The  anterior 
limbs  (arms)  are  somewhat  shorter  than  the  posterior  limbs.  The  upper 
and  lower  parts  of  the  arm  (arm  and  foie-arm)  are  very  short  in  proportion 
to  the  hand,  and,  similarly,  the  upper  and  lower  |iarts  of  the  leg  (thigh>bone 
and  leg-bone)  are  short  in  pmportion  to  the  foot.  The  fingers  on  the  hand 
are  almost  complete ;  while,  on  the  contrary,  the  toi*s  on  the  foot  arc 
completely  bound,  as  far  as  the  points,  in  a  swimming  membrane,  so  that 
they  form  fins. 

Plate  VIII.  Fio.  2. — A  human  embryo  of  twelve  weeks,  within  the  egg- 
membranes;  natuiml  size.  (Erdl,  Plate  XI.  Fig.  2.)  The  embryo  is  com- 
pletely enclosed  in  the  amnion,  which  is  filled  with  the  amnion  fluid,  as  in  a 
water4>ath.  The  navel  cord,  which  passes  from  the  navel  of  the  embryo  to 
the  chorion,  is  sheathed  in  a  continuation  of  the  amnion,  which  forms  foMs 
al  tbe  point  where  it  is  fastened.  Abore,  the  clowly-crowdcd  and  branoltf^l 
(^KMrino -tufts  form  the  placenta.  Tbe  lower  part  of  the  chorion  (cat  o\>rn 
and  laid  in  many  small  folds)  is  smooth  and  destitute  of  tufts.  Bolow  it, 
the  "decidua,"  which  is  also  cat  and  spread  ont,  is  still  hsn^in^  in  decpci 
folds.  The  head  and  limbs  of  the  embryo  are  already  considerably  more 
developed  than  in  Fig.  1. 

Plats  IX. —  A  human  embryo  of  fire  months;  nstnral  site.  (Rrdl,  Plstf 
XIV.)  The  embryo  is  enclosed  in  the  delicate  transparent  amnion,  whicl 
has  been  oat  o(»on  in  front,  so  that  the  face  and  limbs  are  plainly  srcn 
through  the  opening.  The  back  is  bent,  the  limbs  drawn  together,  so  that 
tbe  embryo  occupies  the  smallest  possible  space  in  the  egg-cavity.  The 
eyelids  are  closed.  From  the  navel  the  thick  navel-cord  passes,  in  ser- 
pentine folds,  orer  the  right  shoulder  to  the  back,  and  from  there  to  the 
spongy  plaoenta  (below,  on  the  right).  The  outer,  thin,  much-folded  ooTer* 
tag  is  the  onter  sgf-tnembcmne.  tbe  chorion.'** 


CHAPTER  XIII. 

THE  STRUCTDRB  OF  THE  BODY  OF  THE  AMPHIOXUS 

AHD  OF  THE  ABCIDIAN. 

OmibbI  BiipuSeBiiM  of  tha  Fnndammtml  L>w  of  Biogenj. — Inflneooa  u 
Shortened  and  ViCimted  Heredity. — EeDosenetio  ModiflcaLion  of  Palin 
genoMt— The  Hethod  at  Phylogenj  bawd  on  the  Method  of  Geology.— 
Hypothetio  Completion  of  Ihs  Gonoeoted  Srolatioiikry  Serioa  bj  Appo- 
sition of  the  Aotoal  Fragments. — Fhjlogenelio  IlypotheBei  are  Beliahle 
nnd  JostiEad. — Importance  of  the  A.mphioxDa  and  the  Asoidian.— 
Katnial  HUUny  and  Aaatomy  of  the  Am  phi  oina.— External  Stmctare 
of  the  Body. — Skm-ooiering.— Oater-akin  (_Bpidarmiti  and  Lealher-ekin 
(CoTtum). — Notochord. — Medallory  Tnbe. — Organs  of  Sense. — IntesUne 
with  an  Anterior  Reapiratory  Portion  (Q ill-intestine)  and  a  Posterior 
OigsitiTe  Portion  (Stumacb-intestine), — Lirer. — Polsating  Blood- veaeaU. 
—Dorsal  Vessel  otbt  the  Intestine  (Qill-rein  and  Aorta).— Ventral 
Teasel  under  the  Intestine  (Intestinal  Vein  and  Qill-artery). — Moye- 
Bent  ot  the  Blood. — Lymph -resaela. — Ventral  Canais  and  Side  CanBlr 
—  Body'.oaTity  and  Oill-eaTity.  —  aill-coTering.  —  Kidneys.  —  Sein&l 
Organs. — Teatasand  Orariea.- VertebratoNatnraof  Amphioios. — Com- 
parison of  AmphioiDS  and  Yonng  Lamprey  (Patromyion).— Com  pari  son 
of  Amphiozna  and  Asoidian. — Cellalose  Tunic— aill-eoo, — Inteetioe. 
— NeTTe-oentres. — Hrwt.— Soinal  OrKtuie. 

"The  primitive  history  of  the  species  is  all  the  more  Tally  retained  in 
its  gorm-historj  in  proportion  as  the  series  of  embryonio  forms  trarersed  is 
loDgar  I  and  it  is  more  accnrately  retained  the  lees  tbe  mode  of  life  of  tbe  - 
recent  forms  diBVtrt  from  that  of  the  earlier,  and  the  lass  the  peculiarities 
of  the  several  embryonio  states  mnst  be  regarded  aa  transferred  from  a  later 
to  ae  earlier  period  of  life,  or  as  aeqeired  indepeadently." — FaiTz  Uuilrii 
(186^. 

Ih  turning  from   the  germ-hiatory  to   the  tribal  histoi'^ 
of  Man,  we  muat  confitantly  bear  in  mind  the  causal  conaec- 
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tion  which  exists  between  these  two  main  branches  of  the 
bi^tory  of   human  evolution.     We  found   that  this  most 
significant  causal  connection  was  most  simply  expressed  in 
"  the  fundamental  law  of  organic  evolution,**  the   meaning 
and  significance  of  which   was  explained  in  detail  in  the 
first  chapter.    According  to  that  first  biogenetic  principle, 
Ontogeny    is   a  short    and   compressed    recapitulation  of 
Phylogeny.      If  this   reproduction  of  tribal  history  were 
always  complete  in  germ-history,  it  would  be  an  easy  task 
to  re-arrange  Phylogeny  by   using  Ontogeny  as  a  guida 
When  any  one  wanted  to  know  from  what  ancestors  eadh 
higher  organism  is  descended,   therefore  also  from   what 
fuicestore  Man  is  descended,  and  from  what  forms  the  whole 
human  race  has  developed,  it  would  only  be  necessary  to 
trace  accurately  the  series  of  forms  which  occur  in  the 
evolution  of  the  individual  from  the  egg;  each  form  occur- 
ring in  this  series  might  then,  without  further  trouble,  be 
regarded  as   the    representative    of   an   old   and    extinct 
ancestral  form.     But,  as  a  matter  of  fact,  this  immediate 
translation  of  ontogenetic  facts  into  phylogenetic  concep- 
tions  is   only   directly   allowable   in   the   case   of  a  com- 
paratively small  part  of  animals.     There  are,  it  is  true,  a 
number  of  low.  Invertebrate  Animals  {e.g.,  Plant-animals, 
Worms,  Crabs)  still  extant,  each  germ-form  of  which  we  are 
justified   in   explaining,   without    furtlier  trouble,  as    tlie 
reproduction,  or  the  portrait,  of  an  extinct  parent-form.    But 
in  most  animals,  and  in  Man,  this  is  impossible,  because 
the  germ  forms  themselves  have  again  been  modified,  and 
have  partly  lost  their  original  nature,  in  consequence  of  the 
infinite  variety  in  the  conditions  of  existence. 

During  the  immeasurable  course  of  the  oi^ganic  history 
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i>r  the  earth,  during  the  many  millions  of  years,  in  the 
course  of  which  oi^;anic  life  has  been  developing  on  our 
planet,  modifications  in  the  mode  of  germination  have 
occurred  in  most  animals;  this  fact  was  first  clearly  recog- 
aized  by  Fritz  Mullcr-Dcsterro,  and  was  thus  expi-essed 
in  his  able  work,  "  Fiir  Darwin."  "  The  historical  record 
preserved  in  the  history  of  the  evolution  (of  an  individual) 
is  gradually  obliterated,  in  consequence  of  the  foot  that 
evolution  continually  strikes  out  a  straighter  road  from 
the  e^  to  the  perfect  animitl,  and  the  record  is  much 
vitiated  by  the  struggle  for  existence  which  the  freely- 
living  larvie  have  to  undergo."  The  former  phenomenon, 
the  obliteration  of  the  ontogenetic  epitome,  is  effected  by 
the  law  of  simplified  or  abridged  heredity.  The  latter  phe- 
nomenon, the  vitiation  of  the  ontogenetic  epitome,  is  caused 
by  the  law  of  modified  or  vitiated  heredity.  In  accordance 
with  this  latter  law,  the  young  forms  of  animals  (not  only 
fr«ely-living  larvie,  but  also  embryos  enclosed  in  the  mother's 
body)  may  be  modified  by  the  infiuence  of  the  immediate 
surrouncUnge,  just  as  fully  formed  animals  are  modified  by 
adaptation  to  the  external  conditions  of  their  existence; 
the  very  species  are  sometimes  modified  during  germination. 
In  accordance  with  the  law  of  shortened  heredity,  it  is 
advantageous  to  all  higher  organisms  (and  the  more  so  the 
higher  their  development)  that  the  original  course  of 
development  should  be  shortened  and  simplified,  and, 
consequently,  that  the  ancestral  traditions  should  be 
obliterated.  The  higher  the  individual  organism  stands  in 
the  animal  kingdom,  the  less  completely  does  it  reproduce, 
in  its  Ontogeny,  the  entire  series  of  its  ancestors,  fot 
reaaoru  which  are  partly  known,  partly  yet  undiscovered 
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The  fact  is  simply  shown  by  a  coin|)arison  of  the  various 
histories  of  individual  evolution  of  higher  and  lower  auiinals 
of  the  same  tribe.*** 

In  order   to   give  its  due    weight   to   this    significant 
relation,  we  have  classed  tlie  whole  scries  of  ontogenetic 
phenomena,  of  the  phenomena  oocuring  in  the  evolution  of 
an  individual,  in  two  different  groups,  placing  the  palin- 
genetic  phenomena  in  one  group,  the  kenogenetic  in  the 
other.     Tq  Palingenesis,  or  inherited  evolution,  we  i*eferrod 
those  incidents  in  germ-history  which  may  be  regarded  Si* 
accurately  inherited  from  the  history  of  the  tribe.     On  the 
other  hand,  we  applied  the  term  Kcnogcnesis,  or  vitiated 
evolution,    to    such    ontogenetic    processes    as    were    not 
directly  referable  to  corresponding  phylogenetic  incidents, 
but  were,  on  the  contrary,  to  be  explained  as  modifications, 
or  vitiations,  of  the  latter.     In  consequence  of  this  critical 
separation    of    palingenetic    from     kenogenetic    geiminal 
phenomena,  the  fundamental    law  of    Biogeny  was    more 
accurately  defined  as  follows :  The  short  and  quick  history 
of  the  germ  (Ontf)geny)   is  a  compressed  epitome  of  the 
long  and  slow  history  of  the  tribe ;    this  epitome   is  the 
more  correct  and  complete,  in  proportion  as  the  inherited  or 
epitomized  evolution  (Palingenesis)  is  retained  by  heredity, 
and  the  less  vitiated  evolution  (Kcnogcnesis)  is  introduced 
by  adaptation.*^ 

In  order  correctly  to  distinguish  the  palingenetic  from 
the  kenogenetic  phenomena  of  germ-history,  and  from  these 
rightly  to  infer  the  tribal  history,  we  must  especially  apply 
ourselves  to  a  comparative  study  of  Ontogeny.  It  is  onl^ 
by  comparing  the  germ -history  of  allitnl  forms  that  we  are 
aUe  to  discover  the  traces  of  their  tribal  history.    For  this 
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purpose  we  may  most  advantogeooaly  apply  the  method 
which  geologists  hare  long  used  in  determining  the  order 
of  the  sedimentary  rocks  in  the  cnv<t  of  the  eartiL  Most 
people  know  that  the  solid  cruat  of  our  globe,  a  Uiia  shell 
which  surrounds  the  glowing  and  fluid  main  mass  in  its 
interior,  consists  of  two  chief  classes  of  rocks :  firstly,  the 
so-called  Volcanic,  or  Plutonic  rocks,  produced  directly  by 
the  solidification  of  tJie  molten  internal  mass  of  the  earth 
upon  the  surface ;  and,  secondly,  the  so-called  Neptunian,  or 
Sedimentary  rocks,  produced  &om  the  former  by  the  trans- 
forming agency  of  water,  and  deposited,  in  stratified  hiyeis, 
under  water.  At  fiist,  each  of  these  Neptunian  layers 
formed  a  stratum  of  soft  mud ;  but  in  the  course  of 
thousands  of  years  they  solidified  into  firm,  hard  masses  of 
rock  (sandstone,  marl,  chalk,  etc.),  at  the  same  time  perma- 
nently enclosing  in  their  own  mass  such  hard  and  imperish- 
able bodies  as  had  found  their  way  into  the  soft  mud. 
Among  the  bodies,  which  were  in  this  way  either  actually 
fossilized,  or  left  the  characteristic  imprints  of  their  forms 
in  the  soft  clay,  the  harder  parte  of  the  animals  and  plants 
which  lived  and  died  on  the  spot  during  the  stratificaUon  of 
mud  are  especially  frequent. 

Each  Neptunian  rock-stratum  contains  its  own  charac- 
teristic fossils — the  remains  of  such  animals  and  plants  as 
-lived  during  that  particular  epoch  of  the  earth's  hiftoiy. 
By  comparing  these  strata,  it  is  possible  to  review  the  whole 
connected  series  of  earth-periods.  All  geologists  are  now 
agreed  that  such  a  positive,  historical  series  ^f  rock  forma- 
tions is  demonstrable,  and  that  the  lowest  of  these  strata 
were  deposited  in  primseval  times,  the  upper  in  the  most 
recent  times.     But  in  no  one  place  on  the  surface  of  the 
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globe  is  the  entire  series  of  the  strata-system  perfect,  with 
layer  on  layer  in  due  succession ;  in  no  place  is  the  series  even 
approximately  complete.  In  fact,  the  order  of  the  diflfercnt 
fltrata  of  the  earth  and  of  the  oonesponding  periods  of  the 
earth's  history,  as  commonly  conceived  by  gcoIo<^ists,  is  only 
hypothetical,  and  does  not  actuidly  exist ;  it  is  the  result  of 
the  comparison  of  a  number  of  separate  observations  of  the 
sequence  of  strata  at  various  points  on  the  earth's  surface. 

We  shall  treat  the  Phylogeny  of  Man  in  a  similar  way. 
We  will  endeavour  to  form  the  various  phylogenetic  frag- 
ments, occurring   in   very  different  groups  of  the  anijiial 
kingdom,  into  an  approximately  correct  representation  of 
the  ancestral  line  of  Man.     We  shall  find,  that  it  is  really 
possible,  by  rightly  grouping  and  comparing  the  germ-history 
of  very  diverse  animals,  to  obtain  an  approximately  perfect 
picture  of  the  pala^ontological  development  of  the  ancestors 
of  Man  and  of  Mammals ;  a  picture,  such  as  could  never  be 
formed  from  the  Ontogeny  of  the  Mammals.    In  consequence 
of  the  kenogenetic  processes  to  which  we  have  alluded,  in 
consequence  of  vitiated   and  of  abridged  heredity,  whole 
series  of  the  lower  stages  of  evolution,  es{>ecially  in  the  must 
ancient  periods,  have  fallen  out  from  the  germ-history  oi 
Man  and  of  other  Mammals,  or  have  been  vitiated  by  modifi- 
cation.    But  in  the  lower  Vertebrates  and  in  their  Inverte- 
brate ancestors  we  meet  with  these  very  low  form -stages 
in  all  their  original  purity.     Especially  in  the  lowest  of  all 
Vertebrates,  the  Amphioxus,  the  most  ancient  ancestral  forms 
have  been  perfectly  retained  in  the  evolution  of  the  germ. 
80,  too,  we  find  strong  evidence  in  the  Fishes,  which  standi 
midway  between  the  lower  and  higher  Vertebrates,  and 
which  explain  aeverdi  other  phylogenetic  periods.     Lastly 
29 
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come  the  bighast  Vertebratea,  in  which  the  middle  and  tha 
older  Htages  of  ancestral  evolution  have  been  either  falsified 
or  abridged,  but  in  which  the  later  stages  of  the  phylo- 
geneMc  process  are  still  well  retained  in  the  Ontogenj. 
Thos  it  is  possible,  by  collating  and  comparing  tho  history 
of  individual  development  in  the  different  groups  of  Verte- 
brate^ to  obtMD  an  approximately  complete  picture  of  tiie 
palsetmttdogical  histoty  of  the  development  of  the  ancestora 
(^  Man,  within  the  vertebmte  tribe.  If  we  descend  below 
the  lowest  Yertebratee,  and  compare  tiie  germ-history  of 
these  with  that  of  tbe  phylogenetically  allied  Invertebrates, 
we  can  trace  the  genealogical  line  of  our  animal  ancestors 
much  further,  as  far  back  as  the  lowest  Plant-animals 
{Zoophytes)  and  Primitive-animals  {Protozoa). 

In  now  treading  the  obscure  path  of  this  phylt^cnetic 
labyrinth,  holding  fast  the  Ariadne's  clew  of  the  funda- 
mental law  of  Biogeny  and  guided  by  the  light  of  Com- 
parative Anatomy,  we  must,  in  accordance  with  the  method 
we  have  just  indicated,  search  out  from  among  the  diverse 
germ-histories  of  very  different  animals,  those  fragments  from 
which  we  may  construct  the  tribal  history  of  Man ;  and  we 
must  arrange  these  fragments  in  their  proper  order.  Here 
again  I  would  call  special  attention  to  tho  fact  that  we 
employ  this  method  with  the  same  certainty  and  with  the 
same  right  as  do  geologists.  No  geologist  has  seen  the 
actual  process  in  which  the  gigantic  rock-masses,  composing 
the  Carboniferous  formations,  tho  Jurassic,  the  Cretaceous, 
etc,  were  actually  deposited  by  the  water.  Nor  has  any 
geologist  actually  seen  that  these  various  sedimentary  rocky 
formations  originated  in  a  particular  sequence ;  and  yet  all 
agree  as  to  this  sequence.     The  reason  of  this  is  that  only 
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the  hypothesis  of  this  sedimentary  stratification  and  of 
this  sequence,  is  the  nature  and  origin  of  these  rock-masses 
intelligible.  Since  they  are  only  conceivable  and  explicable 
by  these  "geological  hypotheses,**  these  hypotheses  are 
universally  accepted  as  "  geological  theories." 

On  similar  gix)unds,  our  phylogenetic  hypotheses  can 
claim  precisely  the  same  force.  In  proj^sing  them  we 
follow  the  same  inductive  and  deductive  methods,  and  with 
the  same  approximate  certainty,  as  are  followed  by  geolo- 
gists; because  only  with  the  aid  of  these  phylogenetic 
hypotheses  is  the  nature  and  origin  of  Man  and  of  other 
organisms  conceivable  ;  and  because  these  hypotheses  only 
can  satisfy  our  reason  in  its  demand  for  causality,  therefore 
we  hold  these  to  be  just;  therefore  we  claim  for  them  the 
rank  of  "biological  theories."  And,  just  as  geological 
hypotheses,  which  even  in  the  beginning  of  the  present 
century  were  derided  as  speculative  castles  in  the  air,  are 
now  universally  accepted ;  so,  too,  before  the  close  of  this 
century  will  our  phylogenetic  hypotheses  be  received  as 
valid,  although  they  are  at  present  ridiculed  by  the  narrow- 
minded  majority  of  naturalists  as  "the  dreams  of  the 
physio-philosophera"  It  is  true,  our  task,  as  we  shall  find, 
is  not  so  simple  as  that  of  the  geologists.  It  surpasses  the 
latter  in  difiiculty  and  complexity  in  the  same  pro])ortion  as 
the  organization  of  Man  is  higher  than  the  structure  of  the 
ix)ck.»" 

When  we  approach  our  task,  we  obtain  very  essential 
aid  by  first  closely  studying  the  comparative  germ-history^ 
of  two  low  animal  forma.  One  of  these  is  the  Lancelei 
(Amphioxus),  and  the  other  is  the  Sea-squirt  (Aacidia) 
(Plates  X.  and  XL).  Both  animals  are  extremely  significant 
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Both  stand  on  the  borderland  between  the  two  chief  divisiona 
of  the  animal  kingdom,  which  since  the  time  of  Lamarck 
(1801)  have  been  distinguished  as  the  Vert^bi-ates  and 
the  Invertebrates.  Tlie  Vertebiates  embrace  the  already 
mentioned  classes  from  the  Lancelot  up  to  Man  (Acephala, 
Lampreys,  Fishes,  Double-breathers,  or  Dipneusta,  Amphibia^ 
Reptiles,  Birds,  Mammals).  Li  contradistinction  to  these»all 
other  animals  have  usually,  in  agreement  with  the  example 
of  Lamarck,  been  classed  as  *  Invertebratea"  But^  as  we 
have  already  had  occasion  to  remark,  the  Invertebrates  in 
turn  Consist  of  several  quite  distinct  tribes.  Of  these,  the 
Star-animals  {Edivnodefnnxi),  the  Sofb-bodied  Animals  (ilfo{- 
Ztesca),  and  the  Articulated  Animals  (Arthropoda),  do  not 
interest  us  here,  because  they  are  independent  main  branches 
of  the  animal  genealogical  tree,  which  are  quite  distinct 
from  the  Vertebrates.  The  class  of  Worms  is,  on  the 
other  hand,  extremely  interesting  to  us.  In  this  group 
a  very  remarkable  class  of  animals  exists  which  has  only 
recently  been  carefully  studied,  and  which  bears  most 
significantly  on  the  genealogical  tree  of  Vertebratea  Tliis 
cldss  is  that  of  the  .Mantle-animals  {Tunicata),  One 
member  of  this  class,  the  Sea-squirts  {Aacidia),  very  closely 
resembles  in  its  internal  structure  and  in  its  gennination 
the  lowest  Vertebrate,  the  Lancclet  {Amphioxus),  Till  a 
few  years  ago  no  one  suspected  the  close  connection  be- 
tween these  two  apparently  quite  different  animal  forms, 
and  it  was  a  very  lucky  accident  that  just  now,  while  the 
question  as  to  the  descent  of  the  Vertebrates  from  Inverte- 
brates is  foremost,  the  germ-history  of  these  two  most 
closely  allied  animals  was  discovered.  In  order  rightly  tc 
understand  the  germ-history  of  the  Lancclet  and  the  Sei^ 


HISTORY  OF  TUB  LANCELET  415 

squirt,  we  must  first  consider  these  two  remarkable  animals 
iu  their  perfect  state  and  compare  their  anatomies. 

We  begin  with  the  Lancelet,  or  Amphioxus,  which,  after 
Man,  is  the  most  important  and  interesting  of  all  Vertebrates 
(Cf.  Fig.  151.  and  Plate  XI.  Fig.  15.)  The  Lancelet  was  first 
described  in  1778  by  a  German  naturalist,  named  Pallas. 
He  received  thb  little  animal  from  the  British  North  Sea, 
and,  thinking  that  in  this  animal  he  recognized  a  form 
closely  allied  to  the  common  Naked  Snail  {Limax\  he  gave 
it  the  name  of  Li/max  lanceolatus.  For  more  than  half  a 
centuiy,  no  one  troubled  himself  about  this  reputed  Naked 
Snail.  Not  till  1834  was  this  insignificant  creature  observed 
alive  in  the  sand  at  Naples,  by  a  local  zoologist  named 
Costa.  He  asserted  that  it  was  no  snail,  but  a  diminutive 
fish,  and  gave  it  the  name  of  Bra^ncliiosioTna  lubricum.  Just 
about  the  same  time  the  English  naturalist,  Yarrell,  showed 
that  it  posses.scd  an  internal  axial  skeleton,  and  called  the 
animal  Amphioxus  lanceolatus.  Then,  in  1839,  it  was 
studied  most  closely  by  Johannes  Miiller  of  Berlin,  to 
whom  we  are  indebted  for  a  very  profound  and  thorough 
dissertation  upon  its  anatomy.*^  Recently  our  knowledge 
of  the  animal  has  been  greatly  extended,  and  its  more 
delicate  structure  especially  has  become  better  known."* 

The  Amphioxus  lives  in  flat,  sandy  localities  on  the  sea- 
coast,  partly  buried  in  the  sand,  and  appears  to  be  very 
widely  distributed  in  various  seas.  It  is  found  in  the 
North  Sea  (on  the  British  and  Scandinavian  coasts,  and 
also  in  Heligoland),  in  various  parts  of  the  Mediterranean 
(e.fj.,  at  Nice,  Naples,  Messina).  It  also  occurs  on  the  coast 
of  l^razil  and  on  the  distant  shores  of  the  Pacific  Ocean 
(the  coast  of  Peru,  Borneo,  China,  etc).  Everywhere  thii 
tx^markable  little  animal  appears  in  the  same  sim|ile  fonn.** 


4l6  THE  EVOLUTION  OF  MAN. 

Johannes  Mliller  referred  the  Lancelet  to  the  clasft  of 
Fishes^  though  he  insisted  that  the  differences  between  this 
lowest  of  the  Vei-tebrates  and  the  lowest  Fishes  are  much 
more  considerable  than  the  difference  between  all  Fishes  and 
the  Amphibia.  But  this  is  far  from  expressing  the  real 
significance  of  this  important  little  animal  Indeed,  we 
might  confidently  lay  down  the  proposition  that  the  dif- 
ference between  the  Amphioxus  and  the  Fishes  is  far  greater 
than  between  the  Fishes  and  Man  and  all  other  Vertebrates. 
Nay,  so  widely  does  the  Amphioxus  differ  in  its  whole 
organization  from  the  rest  of  the  Vertebrates^  that,  according 
to  the  laws  of  systematic  logic,  we  are  forced  to  distinguish 
two  main  divisions  of  the  vertebrate  tribe:  (1)  the  Skull-less 
Animals,  or  Acrania  (the  Amphioxus  and  the  extinct  allied 
forms) ;  and  (2)  the  Skulled  Animals,  or  Craniota  (Man  and 
all  other  Vertebratea)^" 

The  first  and  lower  division  consists  of  Vertebrates 
without  head,  brain,  or  skull,  for  which  reason  they  are 
called  SkuU-less  Animals,  or  Acrania,  Of  these,  the  only 
extant  representative  is  the  Amphioxus,  though  in  the 
earlier  periods  of  the  earth's  history  very  numerous  and 
varied  forms  belonging  to  this  division  must  have  existed. 
We  may  here  lay  down  a  universal  law,  which  must  be 
accepted  by  every  adherent  of  the  theory  of  evolution :  vias., 
such  entirely  peculiar  and  isolated  animal  forms,  as  the 
Am]»hioxus — which  apparently  stands  alone  in  the  whole 
system  of  animals — are  always  the  last  survivors  of  an 
extinct  group,  numerous  and  diversified  forms  of  which 
existed  at  an  earlier  period.  As  the  whole  Amphioxus  id 
soft,  and  has  no  firm  organs,  capable  of  being  fossilized,  we 
may  suppose  that  all  its  numerous  extinct  kindred  were 
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equally  fiod,  and  were,  therefore,  equally  incapable  of  being 
petrified  and  of  leaving  any  fossil  impressions. 

Contrasted  with  the  SkuU-less  Animals  stands  the  other 
main  division  of  Vertebrates,  embracing  all  the  rest  of  that 
class  from  Fishes  to  Man.  These  all  have  a  head,  clearly 
marked  from  the  trunk,  with  a  skull  and  brain ;  they  all 
have  a  centralized  heart,  developed  kidneys,  etc.  They  are 
called  Skulled  Animals,  or  Craniota,  But  in  the  earliest 
stages  of  their  existence  even  these  are  skuU-less.  As  we  have 
seen  in  the  Ontogeny  of  Man,  every  Mammal,  in  the  early 
stages  of  individual  development  passes  through  a  condition 
in  which  it  has  neither  head,  nor  skull,  nor  brain,  and 
possesses  only  the  well-known,  simple  form  of  a  lyre-shaped 
disc,  or  of  a  shoe-sole,  without  any  limbs  or  extremities. 
Comparing  these  early  embryonic  forms  with  the  developed 
Lancelot,  we  may  say,  that  the  Amphioxus  is  in  a  certain 
sense  a  persistent  embryo,  a  permanent  germ-form  of 
Skulled-animals ;  it  never  passes  beyond  a  certain  low, 
early  youthful  condition,  out  of  which  we  have  long  since 
passed. 

The  perfectly  formed  Lancclet  (Fig.  151)  Ls  5  to  6  cm.  in 
length  (above  two  inches),  is  cither  colourless  or  slightly 
reddish,  and  is  shaped  like  a  narrow  lanceolate  leaf  The 
body  is  pointed  at  both  ends,  and  much  compressed  later- 
ally. There  is  no  trace  of  limbs.  The  outer  skin-covering 
is  very  delicate  and  thin,  naked,  translucent,  and  consists  of 
two  distinct  strata;  a  simple  external  skin,  the  outer  skin 
{epidermis;  Plate  X.  Fig.  13,  A),  and  a  fibrous  leather-skin 
(corium),  lying  below  the  epidermvt  (Fig.  13,  Z).  The  central 
line  of  the  back  is  traversed  by  a  narrow  fin-like  ridge 
which  widens  behind  into  an  oval  tail -fin.  and  is  prolonged 
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Dndemeatli  into  a  short,  anal  fin.  The  fin-like  ridge  ib  sup 
|K)rted  by  a  great  number  oi  amall  and  delicate  quadrangulai 
plates  (Plate  XI.  13,/).  The  delicate  parallel  lines  under 
the  akin,  which  describe  an  acute  angle  foi-ward  along  the 
central  line  of  icaeh  side,  are  the  boundary  lines  of  tlio 
numerouB  doraal  tnuacles  (Elg.  15,  r  and  h). 

In  the  centre  of  the  body  is  a  thin  cartilaginous 
cord,  which  traveises  the  longitudinal  axis  of  the  entire  body 
from  front  to  rear,  and  is  symmetrically  sharpened  at  both 
ends  (Fig.  151,  i),  Tliis  is  the  notochord  {chorda  doraalio), 
which  in  this  case  takes  the  place  of  the  backbone,  or 
vertebral  colunm.  In  the  Amphioxus  the  notochord  does  not 
develop  further,  but  remains  permanently  in  this  most  simple 
original  condition.  It  is  enclosed  in  a  firm  membranous 
covering,  the  notochord-aheath.  The  nature  of  the  latter, 
and  of  the  formations  which  proceed  from  it,  may  be  best 
seen  in  the  transverse  section  of  the  Amphioxus  (Fig.  152 ; 
Plate  X  Fig.  13,  cs).  Immediately  above  the  chorda  the 
notochord-sheath  forms  a  cylindrical  tube,  and  in  this  tube 
the  central  nervous  system  lies  enclosed,  the  spinal  or  me- 
dullary tube  (Plate  XI.  Fig.  15,  vi).  This  important  mental 
organ  retains  throughout  life  this  most  simple  form,  that  of 
a  cylindrical  tube,  the  anterior  and  jiostcrior  ends  of  which 
are  almost  equally  simple,  and  the  thick  wall  of  which 
encloses  a  nai-row  canal.  The  anterior  end  is,  indeed,  rather 
rounder,  and  contains  a  small,  liardly  noticeable,  bladder- 
like  swelling  of  the  canal  (Fig.  15,  Tiij).  This  may  be  re- 
garded as  the  6rst  in<lication  of  a  real  brain-bladder ;  as  n 
mdimentary  brain.  0»  the  foremost  end  there  is  also  h 
little  black  piginont-siiot,  the  rudiment  of  an  eye.  Ncai" 
tliis  eye-spot,  on  tlie  left  side,  there  is  a  little  ciliated  grouve, 
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the  single  organ  of  smelL  The  organ  of  hearing  is  entirely 
wanting.  This  defective  evolution  of  the  higher  sense- 
organs  is  probably  in  great  measure  explicable  as  not 
original,  but  as  a  degeneration. 

Below  the  notochord  runs  a  very  simple  intestinal  canal, 
a  tube,  which,  on  the  ventral  side  of  the  little  animal,  opens 
in  front  in  a  mouth,  and  at  the  back  in  an  anua  The  mouth 
is  oval,  and  surrounded  by  a  cartilaginous  circle,  on  which 
are  20  to  30  filaments  of  cartilage  (organs  of  taste)  (Fig. 
151,  a).  By  a  contraction  in  the  centre,  the  intestinal  canal 
divides  in  the  centre  into  two  very  different  parts,  of  about 
equal  length.  The  anterior  division  acts  as  a  respiratory 
organ,  the  posterior  end  as  a  digestive  organ.  The  anterior 
half  forms  a  wide  gill-body,  the  lattice-like  wall  of  which 
is  pierced  by  numerous  gill-openings  (Fig.  151,  c2,  and  Plate 
XL  Fig.  15,  k).  The  delicate  bars  of  the  gill-body,  between  the 
openings,  aie  supported  by  small,  firm  parallel  staves,  which 
are  connected  together  in  pairs  by  cross-staves.  The  water 
which  the  Amphioxus  takes  in  through  its  mouth  passes 
through  these  openings  in  the  gill-body  into  the  large  gill- 
cavity  which  surround  the  gill-body,  and  then  passes  fuilher 
back  and  out  through  the  breath-hole,  or  gill-pore  (jx>ru9 
brancJiialis ;  Fig.  151,  c).  On  the  ventral  side  of  the  gill- 
body  there  is,  along  the  central  line,  a  ciliated  groove 
(the  hypobi-anchial  groove),  which  also  occurs  in  Ascidians 
and  in  the  larvie  of  Cyclostomi ;  it  is  of  interest  because 
from  it  in  the  higher  Vertebrates  is  develojHjd  the  thyroid 
cartilage  on  the  throat  (on  the  lower  part  of  the  so-called 
Adams  apple;  Fig.  15,  y). 

Behind  the  breathing,  or  respiratory  part  of  the  intestinal 
canal  comes,  secondly,  the  digestive  [lart     The  small  bodies 
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which  the  Amphiozun  takes  up  in  the  water  it  breathes — 
lofusoria,  Diatomacese,  parts  of  decayed  plants,  and  animal 

Fia.  151.— lAnoelet  {Amphi^xtu  lanceolatiu),  twitm 
tbo  n&tnnJ  •iie  i  aeea  from  the  left  aide  (the  longitB- 
din*]  aif«  •tuxl*  mpright;  the  month  end  ia  timed 
npwarda,  the  tail  end  downwanb,  aa  in  Plate  XI.  . 
Clg.  1ft):  0,  month-opening,  Bnirooiided  bj  hairai 
b,  anal  opening ;  c,  gilUpore  (ponu  (nmchiaXu)  ; 
(),  gill-bod; )  *,  itomaoh  i  /,  lirer ;  g,  nnall  intestine  t 
K,  gill-«aTit7;  i,  notcohord  (below  this  the  aorta)) 
t,  aorta-aroh  [  I,  main  tmnk  of  the  gill-arterj;  m, 
Bwellingt  on  the  braaohea  of  the  latten  n,  holloHr 
rein  (onw  cata);  o,  intcatinal  vein. 

bodies,  etc. — pasB  back  from  the  gill-body 
into  the  digeittive  section  of  the  intes- 
tinal canal,  and  are  (here  taken  up  as 
food  and  assimilated  From  a  rather  wider 
section,  corresponding  to  the  stomach 
(Fig.  1.51,  e),  proceeds  an  oblong,  pouch- 
like blind-sac  (/),  which  pass&<)  directly 
forward!  and  «nd8  on  the  xight  side  of  the 
gill-body.  This  is  the  liver  of  the  Amphi- 
oxus,  the  simplest  form  of  liver  that  we 
know  of  in  any  Vertebrate.  In  Man  also, 
as  we  shall  see,  the  liver  develojta  as  a 
pouch-shaped  blind-sac,  which  protrudes 
fiom  the  intestinal  canal  behind  the 
stomach. 

The  structure  of  the  system  of  blood- 
vessels in  our  little  animal  is  not  less  re- 
markable than  that  of  the  intestine.  For 
while  all  other  Vertebrates  have  a  compress ctl,  thick,  purse- 
shaped  heart,  which  develops  at  the  throat  from  the  lower 
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wall  of  the  anterior  intestine,  and  from  which  the  blood- 
vessek  proceed,  there  is  in  the  Amphioxus  no  special  central- 
iced  heart,  propelling  the  blood  by  its  pulsations.  Instead, 
the  movement  of  the  blood  in  the  Amphioxus,  as  in  the 
Ringed  Worms  (Annelida),  is  effected  by  the  thin  tubular 
blood-vessels  themselves,  which  perform  the  functions  of  the 
heart,  contracting  and  pulsating  through  their  entire  length, 
and  thus  driving  the  colourless  blood  through  the  whole 
body.  This  circulation  is  so  simple  and  yet  so  remarkable, 
that  we  will  briefly  consider  it  Let  us  begin  in  front  at 
the  lower  side  of  the  gill-body.  In  the  central  line  of  this 
lies  a  large  main  vessel,  which  corresponds  to  the  heart  of 
other  Vertebrates  and  to  the  main  gill-artery  proceeding 
from  its  heart,  and  which  propels  the  blood  into  the  gills 
(Fig.  151,  Q.  The  anterior  portion  of  this  is  swollen  like 
a  heart  and  is  extended  (immediately  in  front  of  the  first 
gill-opening).  Numerous  little  arching  vessek  rise  on  each 
side  from  this  gill-artery,  form  little  heart-like  swellings 
(bulbs,  m)  at  their  point  of  departure,  traverse  the  gill- 
arches,  between  the  gill-openings,  round  the  anterior  intes- 
tine, and  unite  as  gill-veins  above  the  gill-body  in  a  great 
main  vessel,  which  passes  below  the  notochord.  This  vessel 
is  the  primitive  aorta  (Plate  X.  Fig.  13,  t ;  Plate  XI. 
Fig.  lo,ty  The  aorta  passes  between  the  intestine  and  the 
notochord  precisely  as  in  all  the  higher  Vertebratea  The 
branch- vessek  which  this  aorta  sends  to  all  parts  of  the 
entire  body,  again  collect  into  a  large  venous  vessel,  which 
passes  to  the  lower  side  of  Uie  intestine,  and  which  may 
here  be  called  the  intestinal  vein  (Fig.  151,  o;  Plate  X. 
Fig.  15,  v;  Plate  XI.  Fig.  13,  r).  It  passes  on  further  over  the 
pouch-like  liver,  there  forms  a  kind  of  cystic  vein,  weaving 


^33  .      Tue   EVOLUnO:!  OP  lUH.. 

A  fine  vasciil&r  network  around  tlie  blind-sac  of  the  hfa 
nnd  then  passos,  as  a  liver  vein,  into  a  vesael,  dii-ected 
toward  the  front,  which  we  may  call  the  hollow  vein 
(Fig.  151,  n).  This  last  passes  again  directly  to  the  ventral 
side  of  the  ^Il-body,  and  here  directly  re-enters  the  gill- 
artery,  which  we  took  as  a  starting-point  Like  a  circular 
closed  aqueduct,  thia  single  mun  vascular  tube  passes  along 
the  intestinal  tube  through  the  whole  body  of  th«]  Amphi- 
oxus,  pulsating  throughout  its  entire  length  both  above  and 
below.  Within  about  a  minute  the  colourless  blood  is  thus 
driven  through  the  whole  body  of  the  little  creature.  When, 
in  pulsating,  the  upper  tube  contracts,  the  lower  fills  with 
blood,  and  vice  verad.  Above,  the  current  of  blood  is  from 
front  to  rear ;  below,  on  the  contrary,  it  is  from  the  rear  to 
the  front.  The  entire  long  vascular  tube,  which  runs  below 
along  the  ventral  side  of  the  intestinal  tube,  and  which 
contains  venous  blood,  probably  represents  the  so-callcil 
ventral  blood-vessol  of  Worms  (Plate  IV.  Fig.  7,  v).  On  tlio 
other  hand,  the  long  straight  vascular  tube,  which  runs 
above  along  the  dorsal  line  of  the  intestinal  tube,  between 
it  and  the  notochord,  and  which  contains  arterial  blood,  is, 
on  the  one  hand,  evidently  homologous  with  the  aorta  of 
other  Vertebrates,  and,  on  the  other  hand,  with  the  so-called 
dorsal  blood-vessel  of  Worms  (Plate  IV.  Fig.  7,t). 

Johannes  Miiller  recognized  this  important  similarity  in 
the  formation  of  the  system  of  blood-vessels  of  the  Lancclct 
and  of  Worms.  He  directed  s]}ccial  attention  to  the  aiialo* 
giea  of  tlie  two,  and  their  physiological  resemblance,  the 
blood  in  both  being  driven  by  the  pulsating  contractions  of 
the  great  vascular  tubes  tlirougliout  tlicir  entire  length,  and 
not  by  a  centralized  heart,  as  in  all  other  Vcitcbratcs.     But 
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we  conceive  that  this  important  resemblance  is  more  than 
a  mere  analogy.  It  has  the  deeper  significance  of  a  true 
homology,  and  rests  on  a  morphological  resemblance  of  the 
organs  compared.  Thus,  the  Amphioxus  shows  us  that  the 
aorta,  the  single  main  artery  of  Vertebrates,  running  ' 
between  the  intestine  and  the  notochord,  represents  the 
dorsal  blood-vessel  of  Worms.  On  the  other  hand,  the  ven- 
tral blood-vessel  of  the  latter  is  retained  only  in  the  single 
intestinal  vein  passing  below  the  intestine  of  the  Amphioxus 
(and  its  anterior  continuation ;  cystic  vein,  liver  vein, 
hollow  vein  (v.  cava),  gill-artery).  In  the  developed  body 
of  all  other  Vertebrates  this  intestinal  vein  (originally  the 
main  venous  blood-vessel !)  is  far  outstripped  by  other 
veins. 

Together  with  the  real  blood-vessels,  special  absorbing 
lymph-vessels  seem  to  exist  in  the  Amphioxus.  Several 
canals,  extending  under  the  skin,  have  recently  been 
regarded  in  this  light,  especially  tho  narrow  "ventral  canals" 
(Fig.  152,  Sj),  and  wide  "side  canals"  {S).  Both  pass  along 
the  whole  length  of  the  ventral  side  and  contain  colourless 
lymph.  The  side  canals  (S)  must  possibly  be  regarded  as 
the  last  remnants  of  degenerated  primitive  kidney  ducts. 
They  lie  in  the  two  parallel  side  folds  of  the  ventral  skin 
(K),  ending  blindly  both  in  front  and  behind,  and  do  not 
open  outwards,  as  was  supposed  till  recently. 

The  real  body-cavity  (ccdoma)  in  the  Amphioxus  (Fig. 
152,  Ui)  is  extraordinarily  narrow  and  small.  It  surround.s 
the  intestinal  tube  in  its  narrow  cavity,  and  is  probably  con- 
nected with  the  lymph  spaces.  Formerly  it  wan  confu.sed 
with  the  large  respimtory  cavity  or  gill-cavity  (A),  which  is 
of  entirely  diHerent  morphological  and  physiological  signiti* 
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Pin.  15! TransTcrsc  section  Ihrongh  llio  aDtrrior  part  of  n  Lancolct. 

(After  Bolph.)  The  onter  covering  forms  the  sinfile  cell-atratnni  of  the  outer 
•kin  (epidtrmii,  K).  Beluw  this  lies  the  thin  leather  ekin  (rortuni),  the 
inner  tiesiio  of  wiiicli  is  tliictcned  below  (OT  ;  partition  wallB  of  connective 
tisene  pass  inwanl  from  it  between  the  mafctee  (If  J  nnit  to  Ihe  chordn- 
■heath  ;  N,  modDllarj  tabe  i  th.  notochord  ;  Lh,  body-cnritj  (fsloma)  ;  A, 
gill-cavitj;  L.  upper  wall  ot  the  latter;  K„  inner  wall  of  tho  fame  i  E,, 
DDtor  wall  of  tho  samci  hV,  gill-mdi,'  M,  ventral  nmEcles;  R,  Bnpho.  or 
•eam  formed  by  the  coalcsccnco  of  the  Tcntml  folds  (flUroofB)  ;  G,  LCnutl 
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cance.  The  tme  body-cavity  (Lh)  is  filled  with  lymph, 
its  inner  wall  being  clothed  by  the  intestinal-fibrous  layer, 
its  outer  wall  by  the  skin-fibrous  layer.  The  gill-cavity  (il) 
is,  on  the  contrary,  filled  with  water,  and  its  whole  wall  is 
clothed  by  the  skin-sensory  layer.  The  Utter  envelopes  ihe 
outer  surface  of  the  two  large,  lateral  gill-roofs,  the  lateral 
processes  from  the  body-wall,  which  grow  together  below 
round  the  original  ventral  side,  and  unite  in  the  central  line 
(in  the  ventral  seam  or  raphe.  Fig.  152, 12). 

On  each  side  of  this  ventral  seam,  on  the  inner  surface  of 
the  gill-roofs,  directly  in  front  of  the  gill-pore  (poms 
branchialis),  and  over  the  ventral  muscles  {M)  and  between 
the  sexual  glands  {O),  lie  the  kidneys  of  the  Amphioxua 
These  urinary  glands  are  present  in  the  simplest  form,  as 
glandular  epithelial  swellings  of  the  skin-sensory  layer. 
The  epithelial  cells  of  these  are  distinguished  by  peculiar 
size  and  nature,  and  contain  crystalline  deposits.  As  we 
regard  the  primitive  kidneys  of  other  Vertebrates  also  as 
originally  skin-glands,  and  as  we  derive  them  from  the  skin- 
sensory  lay^er,  it  is  very  interesting  to  find  these  organs 
permanently  retained  in  the  Lancelet  as  skin-glands. 

The  sexual  organs  also  appear  in  a  perfectly  simple 
form.  On  both  sides  of  the  gill-intestine,  in  the  central  pai  t 
of  the  gill-cavity,  lie  from  twenty  to  thirty  small  elliptical  or 
roundly  four-cornered  sacs,  which  can  easily  be  seen  by  the 
naked  eye  from  without,  through  the  thin  transparent  i^all 
of  the  body.  In  the  female,  these  little  sacs  are  the  ovaries, 
and  contain  numbers  of  simple  egg-cells  (Plate  X«  Fig.  13,  e). 
In  the  male,  these  are  replaced  by  the  testes,  heaps  of 
■mailer  cells,  which  change  into  movable  whip-cells  (sperm- 
oells).    Both  kinds  of  sacs  lie  within  on  the  inner  wall  of 
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the  giU-eavily,  and  have  no  special  chaimela  of  exit.  When 
tlie  eggs  or  the  female  and  the  seed  masses  of  the  male  are 
matured,  they  fall  into  the  body-cavity,  and  are  expolle<l 
through  the  gill-pore  (p.  branekialis). 

Now  on  trying  to  compr^end  in  one  connected  view  the 
results  of  our  anatomic  study  of  the  Amphtoxus,  and  eom  ■ 
paring  this  conception  with  the  known  organism  of  Maa, 
the  contrast  between  the  two  seems  immense.  In  fact,  the 
most  perfect  vertebrate  organism,  represented  by  Uan,  is  in 
eveiy  respect  so  far  above  that  lowest  stage  in  which  the 
Lancelet  remains,  that  it  seems  at  first  almost  impossible  to 
place  both  oi^nisma  in  the  same  main  division  of  the 
animal  kingdom.  And  yet  this  classification  is  based  on 
unassailable  grounds.  For  Man  represents  only  a  further 
advance  of  the  same  vertebrate  type,  wliich  in  all  its  rudi- 
mentary characters  is  unmistakably  seen  in  the  Amphioxus. 
It  is  only  necessary  to  recall  the  representation  which  has 
been  given  of  the  ideal  form  of  the  Primitive  Vertebrate 
(p.  25G)  and  to  compare  wit'i  it  the  various  lower  stt^es  of 
development  of  the  human  embryo,  in  order  to  become 
convinced  of  our  near  relationship  to  the  Lancelet. 

It  is  true  that  a  few  zoolc^sta  have  recently  maintained 
the  paradoxical  view  that  the  Amphioxus  is  in  no  way 
allied  to  Veitebratea.  This  was  asserted  especially  by  Kirl 
Semper  and  Robby  Kossman,  the  same  learned  pair  who 
discovered  in  Goethe  a  narrow-minded  upholder  of  the 
constancy  of  species  (see  p.  1)1).  But  these  gentlemen  can 
only  have  uttered  this  assertion  in  order,  in  the  absence  of 
positive  merits,  to  make  their  names  known  by  negative 
instances.  One  who  &t  the  present  'time  maintains  tliat 
the  Amphio-tus  is  net  allied  to  Vertebrates  goes  back  u 
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whole  century,  even  beyond  Pallas  (1778),  and  only  provea 
that  his  notions  of  Comparative  Anatomy  and  of  the  history 
of  evolution  are  extremely  weak. 

The  Amphioxus  does,  indeed,  stand  very  far  below  all 
other  extant  Vertebrates.  It  is,  indeed,  without  the  head 
containing  a  developed  brain  and  skull,  which  distinguishes 
all  other  Vertebrates.  It  is  without  an  organ  of  hearing, 
and  without  a  centralized  heart,  such  as  all  others  possess ; 
perfect  kidneys  are  also  lacking.  Each  organ  appears  in  a 
simpler  and  more  imperfect  form  than  in  any  other  Ver- 
tebrate. And  yet,  the  rudimentary  characters,  the  connec- 
tion and  relative  position  of  all  the  organs,  are  the  same  as 
in  all  other  Vertebrates :  moreover,  they  all,  during  their 
embryonic  development,  pass,  at  an  early  period,  through  a 
stage  in  which  their  whole  organization  is  not  superior  to 
that  of  the  Amphioxus,  but  rather,  agrees  with  it  in  all 
essential  particulars.     (Cf  Table  IX.) 

In  order  to  be  thoroughly  convinced  of  this  important 
fact,  it  is  specially  instructive  to  compare  the  Amphioxus 
with  the  early  forms  of  development  of  those  Vertebrates 
which  are  most  nearly  allied  to  it  in  the  natural  system 
of  this  tribe.  This  is  the  class  of  the  Round-Mouths 
(Cycloatomi),  Tliis  remarkable  class,  which  formerly  com- 
prehended many  species,  contains  at  the  present  day  but 
very  few  species,  which  are  separable  into  two  dKlcrent 
groups.  One  group  is  formed  by  the  Hags  {Mijxino'uhc\ 
whicli  have  been  made  known  to  us  by  Johannes  Miiller  s 
classic  work,  "  Vei-gleichende  Anatomic  der  Myxinoiden." 
The  other  group  is  formed  by  the  well-known  lampreys,  or 
Rock-Suckers  (Petnnnyzonta),  which  are  eaten  as  a  delicacy. 

All  these  Round-Mouths  are  usually  included  in  the  class  of 
so 
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Fishes.  They  stand,  however,  far  below  the  true  Fishes,  and 
form  a  very  interesting  connecting  group  between  them 
and  the  Lancelet  How  near  they  stand  to  the  latter,  is 
clearly  seen  if  an  immature  Lamprey  {Petramyzon,  Plate  XL 
Fig.  16)  is  compared  with  the  Amphioxus  (Fig.  15).  In 
both,  the  notochord  (ch)  is  in  the  same  simple  form,  as  is 
also  the  medullary  tube  (m),  lying  above  the  notochord,  and 
the  intestinal  tube  (cQ,  lying  below  the  notochord.  But  in 
the  Lamprey,  the  medullary  tube  soon  swells  in  front  into 
a  simple  pear-shaped  brain-bladder  (mj),  and  on  each  side 
of  this  appears  a  very  simple  eye  (au)  and  a  simple  ear- 
veside  (g).  The  nose  (n)  is  still  a  single  pit,  as  in  the 
Amphioxus.  The  two  sections  of  the  intestine  also,  the 
anterior  gill-intestine  (k)  and  the  posterior  stomach-intes- 
tine (d),  are  very  simple  in  the  Lamprey,  and  very  like 
those  of  the  Amphioxua  On  the  other  hand,  there  is 
decided  progress  in  the  organization  of  the  heart,  which 
appears  below  the  gills  as  a  centralized  muscular  pouch,  and 
separates  into  an  auricle  (hv)  and  a  ventricle  (/Jc).  At  a 
later  period,  the  Lamprey  attains  to  a  considerably  higher 
state  of  development,  acquires  a  skull,  five  brain-bladders, 
a  series  of  independent  gill-pouclies,  etc  But  this  makes 
the  remarkable  similarity  of  its  young  larva  to  the  de- 
veloped Amphioxus  all  the  more  interesting.^^^ 

The  Amphioxus,  which  is  thus  directly  connected,  on 
the  one  side,  with  the  Fishes  through  the  Round-Mouths 
{Cyclostomi),  and  thereby  to  the  series  of  higher  Vertebrates, 
is,  on  the  other  hand,  very  nearly  allied  to  a  lower  inver- 
tebrate sea-animal,  from  which,  at  first  sight,  it  seems  very 
far  removed.  This  remarkable  animal  is  the  Sea-squirt,  or 
Ascidian,  which  until  very  recently  was  regarded  as  being 
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nearly  related  to  the  Mussels,  and  was  therefore  classed 
with  the  Soft-bodied  Animals  (MoUusca),  But  since  1866, 
when  the  remarkable  germ-history  of  these  animals  was 
Grst  understood,  there  has  been  no  doubt  that  they  are 
unconnected  with  the  Soft-bodied  Animals.  On  the  con- 
trary, greatly  to  the  surprise  of  zoologists,  the  entire  mode 
of  their  individual  development  indicates  that  they  arc  the 
nearest  allies  of  the  Vertebrates.  In  their  matured  con- 
dition the  Ascidians  are  shapeless  lumps,  which  at  first 
sight  certainly  do  not  look  like  animals.  The  oblong  body, 
often  rough,  or  covered  with  uneven  knobs,  in  wliich  no 
definite  outward  oi^gans  are  distinguishable,  adheres  firmly 
by  one  end  to  sea- weeds,  stones,  or  to  the  bottom  of  the 
ocean.  Some  species  resemble  potatoes,  others  dried  pluma 
Many  Sea-squirts  form  very  insignificant  incrustations  on 
the  surface  of  stones  and  plants.  Some  of  the  larger  kinds 
are  eaten  like  oysters.  Fishermen,  who  know  them  well, 
regard  them  not  as  animals,  but  as  sea-weeda  They  are 
frequently  offered  for  sale  together  with  other  low  sea- 
animals,  in  the  fish-markets  of  many  Italian  seaside  towns, 
under  the  name  of  Sea-fruit  {fnUti  di  viare).  There  is 
indeed  nothing  outwardly  indicating  an  animal.  When 
they  are  drawn  from  the  sea  in  a  drag-net,  all  that  is 
noticeable  is  that  they  feebly  contract  tlieir  bodies,  thus 
producing  a  spirting  of  water  from  certain  parts.  Most  of 
the  Sea-squirts  are  very  small,  only  a  few  lines,  or  at  most 
a  few  inches  long ;  a  few  species  attain  the  length  of  a  foot 
or  rather  more.  There  are  a  great  many  species,  which  are 
to  be  found  in  all  seas.  We  find  no  fossil  remains  of  this 
class  of  animals,  because  they  have  no  hard  parts  capable 
of  petrifaction ;  but  they  are  certainly  of  very  great  an* 
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tiquity,  and    must   have   existed   during    the    piimssval 
ages. 

The  whole  class  to  which  the  Ascidians  belong  bean  the 
name  of  Mantle-animals  (TaniccUa),  because  the  body  is 
enclosed  in  a  thick  and  firm  membrane,  as  in  a  mantle  or 
tunic  This  tunic,  which  is  sometimes  soft  and  jelly-like, 
sometimes  tough  and  leather-like,  sometimes  firm  and 
cartilaginous,  is  distinguished  by  many  remarkable  charac- 
teristica  Probably  the  most  remarkable  of  these  is,  that  it 
consists  of  a  woody  mass  or  cellulose,  the  same  plant-cell 
material  which  forms  the  firm  exterior  of  the  cells  of 
plants,  the  substance  of  the  wood.  The  Mantle-animals  are 
the  only  class  of  animals  which  really  possess  a  cellulose 
covering,  a  wood-like  envelope.  Sometimes  the  cellulose 
tunic  is  variegated,  at  other  times  it  is  colourlesa  Not 
uncommonly  it  is  set  with  spines  or  hairs,  like  a  cactus. 
Many  foreign  substances,  such  as  stones,  sand,  fragments  of 
mussel-shells,  and  so  forth,  are  often  embedded  in  the  timia 
The  Sea-squirt  has,  therefore,  received  the  name  "  micro- 
cosm."i" 

In  order  correctly  to  underatand  the  internal  organiza- 
tion of  the  Sea-squirt,  and  thoroughly  to  compare  it  with  the 
Amphioxus,  we  must  place  ourselves  in  the  same  position  to 
it  as  to  the  latter  (Plate  XI.  Fig.  14,  on  the  left  side ;  the 
mouth  extremity  is  turned  upward,  the  back  to  the  right, 
the  abdomen  to  the  left).  The  posterior  end,  corresponding 
to  the  tail  of  the  Amphioxus,  is  usually  adherent,  often  by 
means  of  root-like  processea  The  ventral  and  dorsal  sides 
are  internally  very  different,  but  are  often  externally  undis- 
tinguishable.  On  opening  the  thick  tunic,  in  order  to  note 
the  internal  organization,  we  observe  first  a  very  consider- 
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able  cavity,  filled  with  water;  tliis  is  the  gill-cavity,  or 
respiratory  cavity  (Fig.  153,  d;  Plate  XI.  Fig.  U,d).  It 
is  ahso  called  the  inantlo  or  tunic  cavity,  because  it  receives. 


Fio.  163.— Stmclara  of  *o  AaoidiWi 
(riewod  from  the  left  iide  M  m  Plate 
XII.  Fig.  U) ;  the  dontl  iide  la  turnsd 
toward!  the  right  the  rentntl  iide  to 
wudi  the  left,  the  roonth-opemng'  (o) 
npmu-da  ;  attho  oppoiito  tail  eitrcmit; 
the  aacidian  i*  tirmlj  attached  (o  aome 
■abatance  beloir  The  gill  inleMine 
(t>r),  which  u  picrcod  bj  manj  opeli- 
JDge,  cootinoei  briow  as  the  itumacb> 
ioteatine.  The  lar]^  inleatiDe  openi 
through  the  aDDi  (a)  idIo  the  gill 
oarity  {el),  from  which  Ihp  eierenumt 
i*  remOTSd  with  the  lolialcd  water 
throDgh  the  mouth  of  the  tonic  (a  )  m, 
lanic.    (Aflor  OoffeobaDt) 

not  only  the  water  for  respir- 
atory jiuqMHtes,  but  also  vx- 
creiuent  and  the  nexual  pro- 
ducts. The  greaU;r  ]iart  of  the 
resjiiratory  cavity  is  iKcupiwl 
by  the  latticed  gill-sac  (hr). 
The  latt4.T  is  in  its  whole  posi- 
tion and  constitution  so  like 
the  gill-lxxly  of  the  Ainphioxi 
liefore  anytliing  was  known  of  the  i-eal  relationship  of  the 
two  animals,  the  English  naturali.st,  (iootlsir,  called  attention 
t4>  this  striking  similarity.  In  the  Sca-scguirtH  also  the 
inou  til -opening  (u)  leaibi  directly  into  this  gill-sac  Tlic 
water   brcatlicd   in   paasus   tlirough    the  openings    of  the 
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lattioAd  pll-sac  into  tiw  gill-cavity,  and  is  removed  &om 
there  by  the  respiratory  pore  or  excretory  opening  (oT).  A 
ciliated  groove  ttaveises  the  ventral  side  of  the  giU-soc,  the 
same  "hypo-hrauchial  groove  '  which  we  found  before  in  tho 
Amphiozus  at  the  same  place  (Plate  XI.  Fig.  14,  y,  15,  y). 
The  food  of  the  Sea-squirt,  like  that  of  the  Amphioma,  con- 
atata  of  small  organiams,  Infiiaoria,  DicUomaoecB,  parts  of 
dismembered  sea-weeds  and  seoranimals,  etc.  These  pass 
with  the  inhaled  water  into  the  gill-sac,  and  from  the  end  of 
this  into  the  digestive  part  of  the  intesUnal  canal,  Smt  into 
an  extension  answering  to  a  stomach  (Fig.  14,  ing).  The 
small  intestine  connected  with  it  usually  forms  a  loop, 
curving  around  toward  the  front,  and  opens  in  a  vent  (Fig. 
153,  o),  not  directly  out,  but  first  into  the  gill-cavity ;  from 
here  the  excrement  is  removed,  together  with  the  inhaled 
water  and  the  sexual  products,  through  the  common  ex- 
cretory opening  (a').  The  latter  is  sometimes  called  gill- 
pore,  or  respiratory  pore  (porua  branchudie),  sometimes  the 
cloacal  opening  (Plate  XI.  Fig.  149).  In  many  Sea-squirts,  a 
glandular  mass,  representing  the  liver,  opens  into  the  intes- 
tine (Eiff.  14)  lb).  In  some,  there  is  another  gland  near  the 
liver,  which  is  supposed  to  be  the  kidney  (Fig.  14,  u).  The 
real  body-cavity  {oBloma),  which  is  filled  with  blood  and 
surrounds  tho  stomach,  is  very  email  in  the  Ascidian,  as  in 
the  Amphioxua,  and  equally  in  both  cases  is  usually  con- 
fused with  the  gill-cavity,  wliich  is  filled  with  water. 

In  the  mature  Sea-squ!rt  there  is  no  trace  of  a  noto- 
chord,  an  inner  bony  axis.  This  adds  interest  to  the  fact, 
that  the  young  animal,  as  it  emei^es  from  the  egg,  has  a 
notochord  (Plate  X.  Fig,  5,  c/t),  above  which  lies  a  rudimen- 
tary medullary  tube  (Fig.  5,  m).     In  the  mature  Sea-squirl; 
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this  tube  is  entirely  shrivelled  up,  and  forms  a  little  knot  of 
nerves  lying  near  the  front  above  the  gill-sac  (Fig.  14,  m). 
It  answers  to  the  so-called  upper  throat-ganglion,  or  the 
**  brain  **  of  other  Worms.  Special  organs  of  sense  arc  either 
entirely  wanting,  or  exist  in  the  very  simplest  form,  as 
eye-specks  and  taste  papillse,  which  surround  the  mouth 
(Fig.  14,  au,  eyes).  The  muscular  system  is  very  feebly, 
and  irregularly  developed;  Immediately  below  the  thin 
leather-skin  {corium)  with  which  it  is  intimately  connected, 
is  a  thin  pouch-shaped  muscular  membrane,  as  in  the  lower 
Worms.  On  the  other  hand,  the  Sea-squirt  has  a  cen- 
tralized heart,  and  appears  in  this  respect  to  be  more  highly 
organized  than  the  Amphioxus.  On  the  ventral  side  of 
the  intestine,  at  a  considerable  distance  behind  the  gill-sac, 
lies  a  spindle-shaped  heart  (Fig.  14,  hz).  It  permanently 
retains  that  same  simple  pouch-shaped  form  which  the 
rudimentary  heart  of  the  Vertebrate  possesses  for  a  veiy 
short  time.  (Cf.  the  heart  of  the  human  enibrj'o,  Fig. 
144,  c,  p.  392.)  This  simple  heart  of  the  Ascidian,  how- 
ever, exhibits  a  remarkable  peculiarity.  It  contracts  in 
alternate  directions.  While  in  all  other  animals  tlie  pul- 
sation of  the  heart  takes  place  constantly  in  a  given 
direction,  usually  from  back  to  front,  in  the  Ascidiuns  it 
alternates  between  opposite  directions.  Fii-st,  the  heart 
contracts  in  the  direction  from  back  to  front,  then,  after 
standing  still  a  minute,  it  begins  to  pulsate  in  the  opposite 
direction,  driving  the  blood  from  front  to  back;  thus  the 
two  great  vessels  proceeding  from  the  opposite  ends  of 
the  heart  act  alternately  as  arteries  and  veiiLs.  This  is  a 
peculiarity  which  ap{)ear8  only  in  tlie  Mantle-Aniinal.i 
(Ttmicata). 
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latticed  gill-sac  into  the  gill-cavity,  and  is  removed  from 
there  by  the  respiratory  pore  or  excretory  opening  (a').  A 
ciliated  groove  traverses  the  ventral  side  of  the  gill-sac,  the 
same  "hypo-branchial  groove  "  which  we  found  before  in  the 
Amphioxus  at  the  same  place  (Plate  XL  Fig.  14*,  y^  15,  y\ 
The  food  of  the  Sea-squirt,  like  that  of  the  Amphioxus,  con- 
sists of  small  organisms.  Infusoria,  Diatomacece,  parts  of 
dismembei-ed  sea-weeds  and  sea-animals,  etc.  These  pass 
with  the  inhaled  water  into  the  gill-sac,  and  from  the  end  of 
this  into  the  digestive  part  of  the  intestinal  canal,  first  into 
an  extension  answering  to  a  stomach  (Fig.  14,  Tng).  The 
small  intestine  connected  with  it  usually  forms  a  loop, 
curving  around  toward  the  front,  and  opens  in  a  vent  (Fig. 
153,  a),  not  directly  out,  but  first  into  the  gill-cavity ;  from 
here  the  excrement  is  removed,  together  with  the  inhaled 
water  and  the  sexual  products,  through  the  common  ex- 
cretory opening  (a').  The  latter  is  sometimes  called  gill- 
pore,  or  respiratory  pore  (poms  branchiaZis),  sometimes  the 
cloacal  opening  (Plate  XI.  Fig.  149).  In  many  Sea-squirts,  a 
glandular  mass,  representing  the  liver,  opens  into  the  intes- 
tine (Fig.  14)  lb).  In  some,  there  is  another  gland  near  the 
liver,  which  is  supposed  to  be  the  kidney  (Fig.  14,  u).  The 
real  body-cavity  (ccdoma),  which  is  filled  with  blood  and 
surrounds  the  stomach,  is  very  small  in  the  Ascidian,  as  in 
the  Amphioxus,  and  equally  in  both  cases  is  usually  con- 
fused with  the  gill-cavity,  which  is  filled  with  water. 

In  the  mature  Sea-squirt  there  is  no  trace  of  a  noto- 
chord,  an  inner  bony  axis.  This  adds  interest  to  the  fact, 
that  the  young  animal,  as  it  emerges  from  the  egg,  has  a 
notochord  (Plate  X.  Fig.  5,  cli\  above  which  lies  a  rudimen- 
tary medullary  tube  (Fig.  6,  m).     In  the  mature  Sea-squirt^ 
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this  tube  is  entirely  shrivelled  up,  and  forms  a  little  knot  of 
nerves  lying  near  the  front  above  the  gill-sac  (Fig.  14,  m). 
It  answers  to  the  so-called  upper  throat-ganglion,  or  the 
**  brain  **  of  other  Worms.  Special  organs  of  scn.se  aie  either 
entirely  wanting,  or  exist  in  the  very  simplest  form,  as 
eye-specks  and  taste  papillse,  which  surround  the  mouth 
(Fig.  14,  au,  eyes).  The  muscular  system  is  very  feebly, 
and  irregularly  developed;  Immediately  below  the  thin 
leather-skin  {oarium)  with  which  it  is  intimately  connected, 
is  a  thin  pouch-shaped  muscular  membrane,  as  in  the  lower 
Worms.  On  the  other  hand,  the  Sea-squirt  has  a  cen- 
tralized heart,  and  appears  in  this  respect  to  be  more  highly 
organized  than  the  Amphioxus.  On  the  ventral  side  of 
the  intestine,  at  a  considerable  distance  behind  the  gill-sac, 
lies  a  spindle-shaped  heart  (Fig.  14,  hz).  It  permanently 
retains  that  same  simple  pouch-shaped  form  which  the 
rudimentary  heart  of  the  Vertebrate  possesses  for  a  very 
short  time.  (Cfl  the  heart  of  the  human  embrj^o,  Fig. 
144,  c,  p.  392.)  This  simple  heart  of  the  Ascidian,  how- 
ever, exhibits  a  remarkable  peculiarity.  It  contracts  in 
alternate  directions.  While  in  all  other  animals  tlie  pul- 
sation of  the  heart  takes  place  constantly  in  a  given 
direction,  usually  from  back  to  front,  in  the  Ascidiuns  it 
alternates  between  opi>osite  direction.s.  Fii-st,  the  heait 
contracts  in  the  direction  from  bock  to  fr(»iit,  then,  after 
standing  still  a  minute,  it  begins  to  pulsate  in  the  o|»|)()site 
direction,  driving  the  bloo<l  from  front  to  back ;  thus  the 
two  great  vessels  proceeding  from  the  opposite  ends  of 
the  heart  act  alternately  as  arteries  and  veiiLS.  This  is  a 
peculiarity  which  ap{)ear8  only  in  tlie  Mantle-Animal.i 
{Ttmicaia). 
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Of  tiie  oUier  important  oi^ans,  we  have  yet  to  mention 
those  of  reproduction,  which  lie  at  the  posterior  extremity 
of  the  body-cavity.  All  the  Sea^uirta  are  hermaphrodites. 
Each  individual  has  a  male  and  a  female  gland,  um  is  thus 
capable  of  self-fertilization.  The  mature  eggs  (Eug.  154,  o') 
fall  directly  from  the  ovary  (o)  into  the  ^l-cavlty.  The 
male  sperm,  on  the  contraiy,  is  carried  from  the  testes  (t) 
into  the  same  cavity  by  a  speml  seed-duct  (vd).  Here 
impregnation  takes  place,  and  here  in  many  Sea-squirts 
developed  embryos  are  found  (Plate  XI.  Fig.  14,  z).  These, 
with  t^e  water  that  has  been  inhaled,  are  then  thrown  out 
at  the  gill-pore  {q) ;  they  are  thus  "  bom  alive." 

Many    Sea-squirts,   especially    of   the    smaller    species, 

Fio.  164.— Stmctaro  ot  aa  Ascidinn  (obsorveil  from 
the  left  eide,  ae  in  Fi;;.  153,  and  Fig.  14,  Tabic  XI.).- 
th,  giU-sao  ;  V,  Btamach ;  t,  largo  inteBtine ;  c,  heart ; 
I,  toeteai  vd,  eeed-iluot ;  o,  ornry  ;  o',  ojatured  egga  in 
■  the  gill-ctiTit?.  Tlie  two  little  arrowa  indicate  the  en- 
trance nnd  exit  of  t>ie  water  through  the  two  openings 
of  tho  tnnio.     (After  tliluo  Edwuida.) 

mtiltiply,  not  by  sexual  reproduction,  but 
asexually  by  the  foniiation  of  buds.  Groat 
numbers  of  tlio  individuals  thus  produt^ed 
from  biidn  remain  permanently  attached  to 
each  other,  tlius  forming  large  masses,  or 
comes  like  the  well-known  coral  societies. 
Among  these  social  or  compound  Ascidiaiis, 
those  species  ate  peculiarly  interesting  in 
which  the  mass  seems  to  be  beautifully 
combined  of  many  star-shaped  gfou|w.  Each 
star-shaped  group  consists  of  a  laiger  or 
Hinallcr  number  of  imliviihtals,  of  which  every  one  jxissesses 
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itfl  independent  organization  and  its  own  mouth-opening.  All 
the  individuals  together  have,  however,  but  a  single  common 
gill-pore,  which  is  situated  at  the  central  point  of  the  star- 
shaped  group.  These  star-shaped  compound  ascidian  groups 
(Boiryllua,  Polyclinum,  etc.)  throw  much  light  on  tho 
Phytogeny  of  one  of  the  most  remarkable  races  of  animals, 
the  Star-animals  {Echinoderma).  The  parent-forms  of 
these  are  the  Star-fish,  or  Asterids,  which  are,  like  the 
compound  Ascidians,  star-shaped  societies  formed  of  Worms 
connected  by  a  common  central  intestinal  opening.^ 

If  we  now  once  more  glance  back  at  the  entire  organiza- 
tion of  the  simple  Ascidians,  Sea-squirts  {Phallusia,  Cyn- 
thia, etc.),  and  compare  it  with  that  of  the  Amphioxus,  we 
find  that  the  two  present  few  points  of  resemblance.  The 
developed  Ascidian  is  indeed  like  the  Amphioxus  in  some 
important  points  of  internal  structure,  especially  in  the 
peculiar  construction  of  the  gill-sac  and  intestine.  But 
it  seems  so  far  removed  in  mo.st  other  particulars  of  its 
organization,  and  is  so  dissimilar  in  outward  appearance, 
that  the  very  near  relationship  of  the  two  organisms  is  only 
revealed  by  study  of  their  germ-histories.  We  will  now 
consider  and  compare  the  individual  development  of  tho 
two  animals,  and  shall  in  this  way  find,  to  our  great  sur- 
pnse,  that  the  same  embrj'onic  animal  form  develops  froir 
tho  egg  of  the  Amphioxuo  as  from  the  egg  of  the  Ascidian. 


3SXPLANATI0N  Off  PLATES  X.  AND  XL 
Plate   Z. — Otuc-BinosT   or   tbb  Akiduk  and  or  thi  AMTBioxn, 

{PlIHCIFALLT   AIVOKDIKU  TO  EoWAJ^BTSKT.) 

Flo.  1-6. — Qeim-hiitocj  of  sd  Aioidian. 

Fio.  L, — A  pareot-ooll  (cytula)  of  kd  Aspidiao.  In  tho  bright-coloarod 
protopliutm  of  the  parent-cell  lies  eccentrically  &  bright  aphoriCAl  kernel 
(i)aolcaH]i  ftad  in  the  Iktter  a.  darker  nucleoliiB- 

'  Flo.  2. — Ad  Asoidi&n  egg  in  the  proceBS  of  cleavage.  The  parent^Kll 
has  dJTided  by  repantoil  bisection  into  fonr  iimilar  cells- 

FC0.-3.— Mamhraneona  gorm-TeeicIa  of  an  Ascidian  (Bloiluio) .  Tho  oelU 
reaulting  from  tho  cleavage  of  tho  vug  furm  a  B)>herioul  bladder  filled  with 
Said,  the  wall  of  which  conaists  of  a  Bioglo  iBjar  of  cells.     (Cf.  FiR.  22,  F,  G.) 

•Fio'.  4.— GastmU  of  tho  Aacidinn  roanlting  from  the  blaalula  (Pig.  3) 
bj  ioTonion  (inragiuatioDj.  I'he  wall  of  the  primitive  intestine  (d),  wliicl\ 
npena  at  o  by  the  primitivo  rnoDth,  coneista  of  two  lay  era  of  cells  ;  the  inner 
intoatinal  loLjer  torincd  of  larger  cells,  and  tho  oater  skin>layer,  of  sinaller. 

Fla.  6. — Larva  of  the  Ascidion  airimming  freolj.  Between  tho  medullary 
tabe  (m)  and  tbe  intestinal  tube  (d)  the  notochord  ia  inserted  (cA),  which 
passes' thtonghont  tho  long  ruddor-like  tnil  to  its  point. 

Fio,  6, — Tranavatso  Bactioo  llirongh  a  larval  Asoidim  (Fij.  6),  through 
the  posterior  port  of  the  trunk  jiut  id  front  of  tho  bcgiuning  of  tbe  tail. 
Tho  sectioD  U  juBt  the  Bame  as  that  of  tho  AGii)hiDins  l.irva  (Fig.  11, 12). 
Botwecti  the  mcdalUry  tube  (m)  and  Llio  intestinal  lube  (d)  lies  tbe  noto- 
vbord  (ch)  ;  on  butli  Bides  aro  tlie  lalciitl  uiUfclcB  of  tho  trunk  (r). 

FlQ.  7-13.— Uorm-lMBtoiy  of  tho  Am|,hioins. 

FiQ.  7.— Pnrcnt^ll  (cvtttio)  of  tho  Amphioius.      (Cf.  Fig.  1.) 

Flo.  8. — An  ani[)hiotas-e([jt  in  the  process  of  cloftva^-o.     (Cf.  Fig.  t). 

Fio.  'J.— BIbbIuIb  of  the  Amjiliinxus.     (Cf.  Fig.  3.) 

Fio.  10.-GastnilB  of  tho  Ampliioina.     (Cf.  Fif;.  4.) 

Fio.  11. — Yonog  larva  of  tho  Ani|ihiDXDB.  The  notochord  (ch)  licB 
between  the  medullary  tube  (m)  and  the  intealinal  tube  (d).  The  modnllary 
tube  bas  an  opening  at  the  anterior  extremity  of  the  body  (mo). 
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Fio.  12. — An  older  larrm  of  the  Ampbioxm.  On  both  Bidos  of  the 
medallary  tabe  (m)  and  of  the  notoohord  (cA)  a  longitodinal  row  of  rooaclcr* 
plates  (mp)  is  risible ;  these  mark  the  embrjonio  yertebno,  or  metamera. 
An  organ  of  sense  has  deroloped  in  front  (m).  The  irall  of  the  intestine 
((i)  is  mach  thicker  below  on  the  yentral  side  (du)  than  abore  on  the  dorsal 
side  (do).  The  anterior  part  of  the  intestinal  canal  widens  into  the  giU* 
body. 

Fio.  is. — ^Transrerse  ■eotton  tbrongh  a  dereloped  Amphtozns  (Fig.  16) 
a  tittle  behind  the  centre  of  the  bodj.  Abore  the  intestinal  tube  (d)  is  the 
dorsal  blood-vessel,  or  main  arterj  (t),  and  below  it  the  rentral  blood-ressel, 
or  the  intestinal  rein  (v).  At  the  inner  wall  of  the  gill-caritj  (c)  lie  the 
oraries  (•),  and  oatside  these  the  side  canals  («).  The  dorsal  niascles  (r) 
are  diridad  into  sereral  pacts  b/  inter-moscolar  ligaments  (mb)  $  f,  dorsal 
Oa. 

Plate  XL — Stiuctuui  of  thb  Asciduit,  or  tri  Ampoioxus,  mmh  o?  the 

Laita  or  THE  Peteomtion. 

For  the  soke  of  oomparison,  all  the  three  animals  are  placed  in  the  same 
position  and  are  represented  of  the  same  stse.  The  riew  is  from  the  left 
side.  The  head  eztremitj  is  turned  upward,  the  tail  downward ;  the  dorsal 
side  to  the  right,  the  Tcntral  side  to  the  left.  The  enreloping  membrane  is 
remoTod  from  the  left  side  of  the  bod/,  to  show  the  inner  organisation  with 
the  organs  in  their  natural  position. 

Fio.  14. — A  simple  Ascidian  (Monaicidia),  magnified  six  timei. 

Fio.  15. — A  dereloped  Amphioios  (magnified  four  times). 

For  the  sake  of  giring  a  more  distinct  riew,  the  Amphioios  in  Fig.  15  is 
drawn  nbont  twice  iU  actual  breadth.  In  realitj,  iU  breadth  amounts  to 
but  half  of  the  length  as  represented  here. 

Fio.  IG. — Young  larra  of  a  lamprej  (Petrwnyxon  Planfri)^  eleren  dajs 
sfter  emerging  from  the  egg,  magnified  46  times.  (After  Max  Schuitse.) 
Tho  larra  of  the  lampre/,  which  undergoes  a  peculiar  tiunsfermatioii  at  a 
Inter  period,  «&•<  formerlv  considered  afl  a  dl.stioct  ppecies  under  the  name  of 

TWc  iiu»3iil.v4  of  iJio  Icllcru  i«  the  »»a?iic  in  all  »*•  •  '' 
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ALPHABETICAL  EXPLANATION 
0/  the  Meaning  of  the  Leltere  in  Plates  X.  and  XL 
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HAKKBLl  VraLUTION    OT  MAHi  PLATE  X. 

Ontocehv  of  the  Asg[D[an(i-6)  andof  thi  Amphioxus<7-i3). 


tCKIL'l    ITOLUTUW  Or  H*-.  PLATE  XI. 

Anatouv  of  the  Ascidian  (14)  AND  Amphioxus  (15). 


CHAPTER  XIV. 

GERM-HIflTORY  OP  THE  AMPHI0XU8  AND  OF  THE 

ASCIDIAN. 

BoUtiontbip  of  the  Vertebrates  and  Inrertebrates. — Fertilization  of  the 
Amphioxna. — The  Egg  andergoee  Total  Clearage,  and  changes  into  a 
Spherical  Germ-meuibrane  Vesicle  (BUutula).— From  this  the  Inte^o 
tinal  Larra,  or  Gastmla,  originates  bjr  Inrersion. — The  Gajdrola  of  tho 
Ainpbiozas  forms  a  Ifcdnllarj  Tube  from  a  Dorsal  Furrow,  and 
between  this  and  the  Intestinal  Tabe,  a  Notochord  :  on  both  Sides  tho 
latter  is  a  Series  of  Muscle- plates;  the  Metamera. — Fate  of  the 
Fonr  Seoondarj  Germ-lajers. — The  Intestinal  Canal  divides  into  ao 
Anterior  Gill-intestine,  and  a  Poitterior  Stomach  intestine. — Dlood. 
resscls  and  an  Intestinal-mnscle  Wall  originate  from  the  Intestinal, 
fibrous  Lajer. — A  Pair  of  Skin -folds  (Gill-roofs)  grow  ont  from  the 
Side.wall  of  the  Bodj,  and,  bj  Coalescence,  form  the  Ventral  Side  of 
the  Large  Gill-caritj. — The  Ontogeny  of  the  Ascidian  is,  at  fintt,  idcn* 
tical  with  that  of  the  Amphioras. — The  same  Ga«trala  is  Developed, 
which  forms  a  Notochord  between  the  Mednllarj  snd  Intestinal  Tubes. 
—  Retrogressive  Development  of  the  same. — The  Tail  with  the  Xotochord 
is  shed. — The  Ascidian  attaches  itself  firmlj,  and  envelopes  itsolf  in 
its  Cellulose  Tunic. — Append icolaria,  a  Tunicate  which  remains  thn)ugh. 
out  Life  in  the  Stage  of  the  Larval  Ascidinn  and  nstains  the  Tail-fin 
with  the  Chorila  (Chordonia). — General  Compariaoo  and  Significance  of 
the  Amphiozos  and  the  Ascidian. 

"  In  the  formation  of  its  most  important  organs,  the  Amphinvns  remains 
t^iroughont  life  at  thnt  lowf^st  stage  of  development,  winch  all  ••tlirr  Verte. 
brates  pass  rapidly'  thn>ogh  during  the  earliest  period  of  the  r  rmbrjonio 
•zisteuoe.  We  must  iherefurc  regard  the  Amphioxus  with  peculiar  reverence 
*ii  that  animal,  which  among  all  existing  creatnros  is  tbe  one  aluoa  capable 
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of  giying  us  an  approximate  idea  of  our  oldest  Silarian  Tertebraie  aaoesftois. 
Dot  the  lattor  nv^  descended  from  Worms,  the  nearest  blood-relatires  of 
which  an*  the  Ascidians  of  the  present  daj." — TJu  PedigrM  €tf  the  Humam 
Race  (1868). 

The  pcculiaritiefl  in  the  structure  of  the  body^  which  dis- 
tinguish Vertebrates  from  Invertebrates^  are  so  striking, 
that  the  relationship  of  these  two  main  groups  of  the  animal 
kingdom  formerly  threw  great  difficulties  in  the  way  of 
systematic  classification.  When,  in  accordance  with  the 
Theory  of  Descent,  the  relationship  of  the  various  groups 
of  animakf  b^an  to  be  r^arded  as  not  figurative,  but  as 
really  genealogical,  this  question  came  to  the  front,  and 
seemed  to  ofier  one  of  the  greatest  obstacles  to  the  success 
of  the  theory.  Even  at  an  earlier  period,  when  without  this 
fundamental  thought  of  the  true  genealogical  connection 
of  the  relationships  between  the  great  main  groups  of  the 
animal  kingdom,  the  so-called  "  types  "  of  Baer  and  Cuvier 
were  studied,  investigators  believed  they  had  found,  here 
and  there  among  Invertebrates,  points  connecting  these 
with  Vertebrates ;  some  single  species  of  Worms,  in  par- 
ticular, appeared  to  approximate  in  the  structure  of  their 
bodies  to  the  Vertebrates ;  as,  for  example,  the  oceanic  Arrow- 
worm  (Sagitta),  But  the  attempted  analogy  was  shown, 
by  closer  investigation,  to  be  untenable.  After  Darwin 
gave  an  impulse  to  a  true  tribal  history  of  the  animal 
kingdom,  by  his  reform  of  the  Theory  of  Descent,  this  very 
relation  seemed  to  oiler  one  of  the  greatest  difficulties. 
When,  in  18GC,  I  attempted,  in  my  Generelle  Morpliologle, 
to  carry  out  the  Theory  of  Descent  in  detail,  and  to  apply 
it  to  the  natural  system,  no  part  of  my  task  demanded 
more  care  than  the  connection  of  the  Vertebrates  with  tlio 
Invertebrates. 
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But  just  at  this  time  the  true  connection  was  discovered 
in  an  entirely  unhoped-for  and  most  unexpected  quarter. 
Toward  the  end  of  the  year  18G6,  among  the  treatises 
of  the  St.  Petersburg  academy,  two  works  appeared  by 
Uie  Russian  zoologist,  Kowalevsky,  who  had  spent  a  long 
time  at  Naples,  and  had  occupied  himself  in  studying  the 
individual  evolution  of  some  of  the  lower  animals.  A  fortu- 
nate accident  had  led  Kowalevsky  to  study  almost  simul- 
taneously the  individual  evolution  of  the  lowest  Vertebrate, 
the  Amphioxus,  and  that  of  an  Invertebrate,  the  direct 
relationship  of  which  to  the  Amphioxus  had  not  been  even 
guessed,  namely,  the  Ascidian.  Qreatly  to  the  surprise  of 
Darwin  himself,  and  of  all  zoologists  interested  in  that 
important  subject,  there  appeared,  from  the  very  commence- 
ment of  their  individual  development,  the  greatest  identity 
in  the  structure  of  the  bodies  of  those  two  wholly  different 
animals, — between  the  lowest  Vertebrate,  the  Aniphioxus, 
on  the  one  hand,  and  that  misshapen  lump  adhering  tf> 
the  bottom  of  the  sea,  the  Sea-squirt,  or  Ascidian,  on  the 
other  hand  In  this  undeniable  ontogenetic  agreement,  the 
existence  of  which,  in  an  astonishing  degree,  can  be  proved, 
the  long-sought  genealogical  link  was,  of  course,  directly 
found,  according  to  the  fundamental  law  of  Biogeny,  and 
that  group  of  Invertebrates,  which  is  most  nearly  allied  to 
the  Vert  ,bratcs,  was  clearly  recognized.  There  can  be  no 
longer  any  doubt,  especially  since  Kupffer  and  several  other 
ssooloirists  have  confirmed  and  continued  these  investi<;a- 
lions,  that  of  all  classes  of  Invertebrates,  the  Mantle-animals 
{Tunicata),  and  of  the  latter,  the  Ascidians,  are  most  nearly 
allied  to  the  Vertebrates.  We  cannot  say  the  Vertebrates 
are  descended  from  the  Aflcidians;  but  we  may  safely  assert, 
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that  of  all  Invertebrates,  ihe  Mantle-animals,  and  limong 
the  latter  the  Ascidians,  are  the  nearest  blood-relations  to 
the  primsbval  parent-form  (^  Vertebrates.  An  extinct  q>ocieB 
of  the  very  Varied  Worm  tribe  must  be  assumed  as  the 
common  parent-form  of  both  groups. 

In  order  fully  to  appreciate  this  extraordinarily  im- 
portant circumstance,  and  especially  in  order  to  gain  a  secure 
basis  for  the  desired  genealogical  tree  Qf  Vertebrates,  it  is  in- 
dispensable to  note  minutely  the  germ-history  of  these  two 
remarkable  animals,  and  to  compare  the  indiiddual  develop- 
ment of  the  Amphioxus  stage  by  stage  with  that  of  the 
Asddian.  (Cf.  Plate  X.,  and  p.  436.)  We  will  begin  with 
the  Ontogeny  of  the  Amphioxus  (Plate  X.  Figs.  7-12). 
Kowalevsky  had  already  spent  several  months  in  Naples 
with  the  express  intention  of  studying  the  wholly  unknown 
germ-history  of  the  Amphioxus,  before  he  succeeded  in 
observing  the  mature  eggs  in  the  first  stages  of  development 
He  says  that  the  Lancelet  begins  to  deposit  its  sexual  products 
in  the  month  of  May,  in  the  warm  evening  hours,  between 
seven  and  eight  o'clock^^  He  noticed  that  at  this  time, 
the  male  animal  first  ejected  a  whitish  fluid,  the  sperm,  and 
that,  somewhat  later,  the  female,  attracted  by  the  sperm, 
also  deposited  its  eggs  in  the  water. 

According  to  other  observers  the  deposit  of  the  sexual 
products  is  said  to  take  place  through  the  gill-pore  (porna 
branchialis).  The  eggs  are  simple  roundish  cells.  They 
have  a  diameter  of  only  ^  of  a  millimetre,  are,  therefore, 
only  half  as  large  as  mammalian  eggs,  and  ofier  no  special 
peculiarities  (Plate  X.  Fig.  7).  The  active  elementary 
bodies  of  the  male  seed,  the  pin-shaped  "  seed-animals,"  or 
sperm-cells,  all  resemble  those  of  most  other  anim»la    (Cf. 
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Fig.  17.  p.  173.)  Fertilization  is  accomplished  in  this  way : 
the  moving  whip-cells  of  the  sperm  approach  the  egg,  and 
with  their  head-portion,  that  is;  the  thickened  portion  of 
the  cell  which  encloses  the  nucleus,  they  force  their  way 
into  the  yelk-mass  or  cell -substance  of  the  egg. 

Either  before  or  immediately  afler  fertilization,  the  egg- 
cell  loses  its  original  kernel,  and  appears  for  a  time  in  the 
form  of  a  kernel-less  cytod,  as  a  monerula.  (Cf  Fig.  id,  p.  179.) 
A  new  kernel  soon,  however,  originates  in  the  impregnated 
yelk;  this  is  the  parent-kernel,  and  the  monerula  thus  changes 
into  the  parent-cell  (cyttUa,  Fig.  21,  p.  181.)  This  now 
undergoes  a  regular  and  total  cleavage,  the  details  of  which 
in  a  coral  (Monoxenia)  we  have  described  in  detail  (cf  Fig. 
22).  The  repeated  bisection  of  the  parent-cell  into  2,  4,  8, 
16,  32,  64  cells  and  so  on,  gives  rise  to  the  globular,  black- 
berry or  Diulberry-shaped  body  which  we  called  the  "  mul- 
berry-germ*' (morula,  Fig.  22,  E),  Fluid  collects  in  the 
interior  of  this  globular  mass,  composed  entirely  of  one  sort 
of  cleavage-cells,  and  the  result  is  the  formation  of  a  spheri- 
cal vesicle,  the  wall  of  which  is  composed  of  a  single  layer 
of  cells  (Plate  X.  Fig.  9).  We  called  this  vesicle  the  mem- 
branous germ-vesicle  (blaatvla).  Its  contents  form  a  clear 
fluid  ;  the  wall,  which  consists  of  a  single  layer  of  cells,  is 
the  germ-membrane,  or  blastoderma  (Fig.  22,  F,  O), 

These  processes  take  place  so  rapidly  in  the  AmphioxuS) 

that  in  from  four  to  five  hours  after  impr^nation,  that  is, 

about  midnight,  the  spherical  bUidida  is  complete.    On  one 

side  of  tlie  latter  appears  a  groove-like  depression,  by  which 

the  vesicle  is  turned  into  itself  (Fig.  22,  H,  p.  190).    This 

furrow  grows  constantly  deeper,  while  the  spherical  form  of 

the  vesicle  changes  into  an  oval  or  ellipsoid  shape  (Fig.  155). 
31 
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At  last,  the  inversion  is  complete,  so  that  the  inner  part  of 
the  wall,  that  which  has  been  inverted,  lies  on  the  inside  of 
the  outer,  the  uninverted  part.  In  this  way  an  almost 
hemispherical  hollow  body  is  formed,  the  thin  wall  of  which 
is  composed  of  two  layers  of  cells.  The  hemispherical  form 
soon  again  changes  into  an  almost  spherical  or  oval  shape, 
in  consequence  of  the  inner  cavity  becoming  considerably 
enlarged,  while  its  opening  becomes  narrower.  (Plate  X. 
Fig.  10).  The  form  which  the  embryo  of  the  Amphioxus 
has  now  attained  in  this  way  is  a  true  Qastrula  or  intes- 
tinal larva ;  is  indeed  a  gastrula  of  that  •  original  and 
simplest  form  which  we  have  already  distinguished  as  the 
Bell-gastrula  or  ArchigastrvZa  (p.  191,  Fig.  22,  /,  K). 

Fig.  155. — Gastrula  of  Amphi. 
OXD8,  in  loDgitadinal  section :  d* 
primitive  intestine ;  o,  primitive 
month  ;  t,  intestinal  layer,  or  ento* 
derm ;  e,  skin-Iajer,  or  exoderm. 

As  in  all  those  lowly 
organized  animals  which 
form  a  primitive  Bell-gas- 
trula of  this  sort,  the  body 
of  the  Ampliioxus,  which 
has  but  one  axis,  is  merely 
a  simple  intestinal  pouch 
the  inner  cavity  of  this  is  the  primitive  intestine  (proto- 
gaster)  (Fig.  155,  d,  Fig.  loG,g);  its  simple  opening  is  the 
primitive  mouth  {j^vtostoma,  o).  The  wall  is  at  once 
the  intestinal  wall  and  the  body-wall.  It  is  composed  of 
two  cell-strata,  of  the  two  well-known  primary  genn-layers. 
The  inner  stratum,  or  the  inverted  portion  of  the  hlastula. 


Bell-oastrula  of  the  lanceleh-.  445 

which  immediately  surrounds  the  intestinal  cavity,  i»  the 
entoderm,  the  inner  or  vegetative  gcnn-l&ycr,  from  uliich 
are  dcvc]o[>ed  the  wall  of  the  inte^itinal  canal  and  all  its 
appendages  (Fig.  1H5,  150,  i).  The  outer  cell-stratum,  the 
part  of  the  blastula  Dot  inverted,  is  the  exodenn,  the  outer 
or  animal  germ-layer,  which  fornishes  the  rudiment  of  the 
body-wall,  the  skin,  the  flesh,  the  central  nervous  system, 
etc.  (e).  The  cells  of  the  inner  stratum,  or  entoderm,  are 
considerably  larger,  duller,  darker,  and  more  adipose  than 
those  of  the  outer  stratum,  or  exoderm,  which  are  clearer, 
brighter,  and  less  rich  in  fatty  {articles.  Thus,  even  during 
the  process  of  inversion,  a  differentiation  takes  place  between 
the  inner  inverted  stratum  and  the  outer  uninverted.  The 
cells  of  the  outer  layer  are  soon  covered  with  fine  bright 
hairs;  fine,  short,  thread-like  appendages,  grow  from  tlie 
protoplasm,  which   keep  up  a  constant  vibratory  motion. 


Fig.  156— Oulrulaof  kChaik-ipoDga  (OlyDlbni):  ^,  tmrn  tiM  uauidei 
B,  in  loafiMdioml  aocUun  thruogb  the  kiis  j  g,  iirimitive  inUMiM  j  a,  fnimt 
tiTamoeUi-  i.intMtinal-Uj'ar.  ormtiMhrai  r,  (kiB-krM-,  «r«iod«tB. 
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By  the  moiionB  of  these  delicate  vibratory  hairs,  the  gastruhi 
of  the  Amphioxus,  like  that  of  many  other  animals  of  low 
organization,  after  it  has  broken  through  tiie  ^;g-coveringv 
rotates  and  swims  in  the  ocean  (Fig.  156). 

In  the  course  of  further  development  the  roundish  Bell- 
gastrula  of  ihe  Amphioxus  lengthens,  and  at  the  same  time 
it  becomes  rather  flatter  on  one  side  parallel  to  the  longi- 
tudinal axis.  The  flattened  side  is  afterwards  the  dorsal- 
side  ;  the  opposite  ventral  side  remains  roundly  arched.  In 
the  middle  of  the  dorsal  surface  appears  a  shallow  longi- 
tudinal furrow  or  channel  (Fig.  157),  and  on  each  side  of 
this  channel  the  surface  of  the  body  rises  in  the  shape  of 
two  parallel  ridges  or  longitudinal  swellings.  I  need 
hardly  say,  that  this  channel  is  the  primitive  groove,  or 
dorsal  furrow,  and  that  these  swellings  are  the  dorsal 
swellings  or  spinal  swellings  which  form  tlie  first  rudiments 
of  the  central  nervous  system,  the  medullary  tube.  These 
two  swellings  grow  higher  and  higher ;  the  groove  becomes 
deeper  and  deeper.  The  edges  of  the  two  parallel  swellings 
incline  towards  each  other,  and  finally  coalesce,  and  thus 
the  medullary  tube  is  completed  (Plate  X.  Fig.  11,  m).  The 
formation  of  the  medullary  tube  from  the  outer  skin  takes 
place,  therefore,  on  the  naked  dorsal  surface  of  the  independent 
Amphioxus  larva  in  exactly  the  same  way  as  in  the  embryo 
of  Man  and  of  other  Vertebrates  within  the  egg-envelopes. 
In  both  cases,  also,  the  nerve-tube  finally  separates  entirely 
from  the  homy  plate.  The  fact  is  peculiar,  that  at  that 
end  of  the  body  which  afterwards  is  to  be  the  anterior  or 
mouth  end  of  the  Amphioxus,  the  medullary  tube  remains 
open  at  first,  and  has  an  external  opening  (Fig.  11,  ma). 

Even  at  the  time  when  the  first  trace  of  the  dorsal  furrow 
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appearn,  the  two  primary  germ-layers  of  the  Amphioxus 
larva  split  up  into  the  four  secondary  germ-layei-s  (Fig.  157, 
transverse  section).  Round  the  inner  vegetative  layer  of 
the  intestinal  tube  there  arises,  in  consequence  of  a  fission 
of  the  cells  of  the  latter,  a  second  external  cell-stratum,  the 

Fio.  IST.—Traniyene  section  through 
a  Uurral  Amphiozas  (after  Kowalersky) : 
hs,  tkin-fienfiorj  layer ;  Km,  ffkin-fibrani 
layer;  c,  coDloin^fissaro  (radimentary 
body-carity) ;  fi/, intestinal-fibroas  layer; 
dd,  intestinal  glandular  layer;  a,  primi- 
tiTeintettine(primitive  intestinal earity). 
Above,  the  dorsal  farrow  is  seen  between 
the  two  dorsal  swellings. 

intestinal-fibrous  layer  (df) ;  from  this  originate  the 
muscles  and  the  fibrous  membranes  of  the  intestinal  tulie, 
and  the  blood-vessels.  The  original  inner  cell-stratum 
must  now  be  called  the  intestinal -glandular  layer  {d<l). 
Analogously,  the  outer  animal  genn-layer  falls,  in  con- 
sequence of  a  fission  in  its  cells,  into  two  stmta,  an  outer 
skin-sensory  layer  (fuf)  and  an  inner  skin-fibrous  layer  (hm). 
The  former  gives  rise  to  the  outer  skin  (ejyidemiif*)  and  the 
medullary  tube ;  the  latter  to  the  leather-skin  (rorium) 
and  the  trunk -muscles.  A  space  fonns  l>etween  the  skin- 
fibrous  layer  and  the  intestinal -fibrous  layer,  in  which  a 
colourless  liquid  collects,  thus  fonning  the  body-cavity 
{ccelovui,  c).  It  is  a  fact  of  great  moment  for  the  genn- 
layer  theory  that,  here  in  the  Amphioxus,  the  origin  of  the 
skin-fibrous  layer  from  the  animal,  and  that  of  the  intestinal- 
fibrous  layer  from  the  vegetative  genn-layer  is  plainly 
demonstrable. 

As  soon  as  the  four  secondary  germ-layers  have  formed 
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a  cylindrical  cord,  pointed  at  both  ends,  and  composed  vi 
large,  light-coloured  vesicular  cells,  appears  in  the  middle 
tine  of  the  skin-fibrous  layer,  directly  over  the  intestinal 
tube  (d)  and  below  the  nerve-tube  (m),  (and  therefoR 
along  the  long  axis  of  the  body).  This  is  the  diorda 
daraaUst  or  notochord  (Plate  X.  Fig.  11, 12,  ch).  The  lateral 
portions  of  the  skin-fibrous  layer,  which  lie  on  both  sides 
of  the  notochord,  and  which  we  may  in  this  case  also  call 
'*  side-layers/'  or  "  side-plates,"  split  into  two  strata,  a  thin 
lieather-skin  (ooriitm)  and  an  underlying  muscle-plate. 
The  latter  soon  breaks  up  into  a  number  of  homogeneous 
sections,  lying  one  behind  another.  These  are  the  side 
muscles  of  the  trunk,  which  indicate  the  first  articulation 
or  metameric  structure  of  the  body  (Fig.  12,  Tnp), 

By  these  separations  the  gastrula  of  the  Amphioxus  ban 
changed  into  a  vertebrate  body  of  the  simplest  form,  with 
the  characteristic  disposition  of  the  fundamental  organs 
which  belongs  exclusively  to  Vertebrates.  Directly  below  the 
skin  we  find,  at  the  dorsal  side  of  the  medullary  tube,  on  the 
ventral  side  of  the  intestinal  tube,  and  between  the  two 
tubes,  the  firm  axis  of  the  body^  the  notochord;  and,  on 
either  side  of  this,  the  regular  series  of  muscle-plates.  If 
we  now  look  at  the  larva  of  the  Amphioxus  from  one  side 
(Plate  X.  Fig.  11,  12),  we  see  that  on  the  top  lias  the 
medullary  tube,  still  open  anteriorly  (700) ;  directly  undoi 
this  lies  the  strong  notochord  (ch),  and  under  this  the 
much  broader  intestinal  tube  (d).  The  latter  also  has  an 
opening  at  one  end,  the  original  mouth  of  the  gastrula  (0). 
It  is,  however,  a  very  singular  and  important  fact  that  this 
primitive  mouth  does  not  afterwards  become  the  permanent 
mouth-opening  of  the  Amphioxua    On  tha  contrary,  it  soon 
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closos.  The  future  permanent  mouth  is  formed  only  second- 
ai'ily,  from  the  out&ide,  and  at  the  opposite  end  of  the  body 
(near  88,  Fig.  12).  At  this  point,  a  groove-like  depression 
originates  in  the  outer  skin  (epidenni8\  and  this  grows 
inwards  and  breaks  a  way  through  into  the  closed  intestine. 
Similarly,  the  anal  opening  forms  behind  (in  the  neighbour- 
hood of  the  closed  gastrula-mouth).  We  saw  that  in  Man 
and  in  all  higher  Vertebrates  mouth  and  anus  originate 
as  shallow  grooves  in  the  outer  skin ;  and  that  these  also 
break  through  inwards,  thus  gradually  communicating  with 
both  blind  ends  of  the  intestinal  tube.    (Cf  p.  338.) 

Between  the  intestinal  and  the  nerve  tubes  we  find  the 
notochord  as  a  cartilaginous  cylindrical  rod,  traversing 
the  entire  length  of  the  larval  body.  On  each  side  of  the 
notochord  lie  the  muscle-plates,  already  broken  up  into 
a  number  of  separate  pieces,  or  primitive  vertebral  seg- 
ments (10  to  20  on  each  side);  these  are  separated  from 
each  other  by  simple  oblique,  parallel  lines  of  demar- 
cation. In  the  fully-formed  animal  each  of  these  divid- 
ing lines  describes  an  acute  angle  forwards  (Plate  XL  Fig. 
15,  r).  The  number  of  separate  muscle-plates  indicates 
the  number  of  metamera  of  which  the  body  consista  At 
first  this  number  is  small,  but  it  afterwards  increases 
considerably  in  the  direction  from  front  to  rear.  This 
is  owing  to  that  same  terminal  budding  in  virtue  of 
which  the  chain  of  primitive  vertebral  segments  grows 
in  the  human  embrj'o.  Here,  too,  the  foremost  metamera 
are  the  oldest,  and  the  terminal  ones  the  most  recent  To 
each  mctameron  corresponds  a  definite  segment  of  the 
medullary  tube  and  a  pair  of  spinal  nerves,  which  pass  from 
it  out  to  the  muscles  and  to  the  skin.     Of  all  the  organio 
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litems  of  the  body,  it  is  in  the  muscle-system  that  arti- 
culation first  appeara^^ 

While  these  characteristic  differentiations  are  taking 
place  in  the  two  lameike  of  the  animal  genn-layer— --while 
the  medullary  tube  and  the  outer  skin  (epidermis)  are 
separating  from  the  skin-sensory  layer,  and  the  notodiord 
and  the  musde-plates  from  the  skin-fibrous  layer,  equally 
important  processes,  characteristic  of  the  vertebrate  type, 
are  taking  place  in  the  vegetative  germ-laj-er.  The  inner 
lamella  of  this — the  intestini^-glandular  layer— undergoes 
but  few  modifications;  it  produces  only  the  internal  ceU- 
cc^ting,  or  epithelium  of  the  intestinal  tube  (d).  But  the 
outer  lamella,  the  intestinal-fibrous  layer,  produces  both 
the  muscular  covering  of  the  intestine  and  the  blood- 
vessels. Probably  simultaneously,  two  main  vessels  ori- 
giuate  from  this  layer :  an  upper,  or  dorsal  vessel,  corre- 
sponding to  the  aorta,  situate  between  the  intestine  and  the 
chorda  dorsaZis  (Figs.  13,  t,  15,  t);  and  a  lower,  or  ventral 
vessel,  answering  to  the  heart  and  the  intestinal  vein,  on 
the  lower  edge  of  the  intestine,  and  between  it  and  the 
ventral  skin  (Figa  13,  v,  15,  v).  Moreover,  at  this  time 
the  gills,  or  respiratory  organs,  also  develop  in  the  anterior 
poition  of  the  intestinal  canaL  The  whole  anterior  or 
respiratory  section  of  the  intestine  changes  into  a  gill-body, 
which  is  pierced  by  numerous  openings,  so  that  it  resembles 
a  lattice- work,  as  in  Ascidia.  The  cause  of  this  is  that  the 
foremost  portion  of  the  intestinal  wall  adheres  in  places 
to  the  external  skin,  and  that,  at  these  points  of  adhesion, 
openings  form  in  the  wall  and  extend  from  outside  into 
the  intestine.  At  first  these  gill-openings  are  but  very  few, 
but  soon  they  are  numerous,  appearing  first  in  one  row. 
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then  in  two  rows,  one  behind  the  other.  The  foremost 
gill-opening  is  the  oldest  Finally,  a  lattice-work  of  fine 
gill-openings  appears  on  each  side. 

We  must  call  special  attention  to  the  fact  that  at  first, 
m  the  embryo  of  the  Amphioxus,  as  in  that  of  all  other 
Vertebrates,  the  side  wall  of  the  neck  is  perforated  in  such  a 
way  by  openings,  that  there  is  an  open  passage  through  the 
latter  from  the  external  skin  into  the  anterior  intestine 
(Fig.  158,  K),  The  inhaled  water,  which  is  taken  in  to  the 
gill-intestine  through  the  mouth,  passes  out  directly  througli 
the  gill-openings.  While  the  number  of  these  gill-openings 
is  increasing  very  rapidly,  over  the  upper  row  of  these  a 
longitudinal  fold  rises,  on  each  side,  on  the  side-wall  of  the 
body  (Fig.  159,  U),  The  narrow  body -cavity  prolongs  itseli 
in  these  longitudinal  folds  (Lh).  Both  side-folds  grow 
downward  and  hang  as  free  gill-roofs.  The  free  edges  of 
these  then  incline  towards  each  other  and  coalesce  in  the 
middle  line  of  the  ventral  side,  thus  forming  tlje  ventnil 
seam  or  Raphe  (Fig.  160,  R).  The  gill-pore  alone  remains 
open  (Fig  15,  p).  Thus  originates  a  dosed  gill-cavity 
answering  exactly  to  that  of  Fishes,  and  at  the  same  time 
identical  with  that  of  the  Ascidians.  The  gill-cavity  of  the 
Ascidian,  the  Amphioxus,  the  Fishes,  and  the  larval  Am- 
phibia, are  to  be  regarded  as  homologous  parts.  This  large 
gill-cavity,  filled  with  water  and  communicating  freely 
with  the  surrounding  water,  must  be  distinguished  from 
the  small  Ixxly-cavity,  filled  with  lymph  and  without  any 
external  communication.  The  latter,  the  Cirloma  (Figs 
158-160,  IJi),  in  the  adult  Amphioxus  is  very  narrow  and 
very  small  in  size  (Fig.  152,  Lh).  When  the  gill-cavity 
'jf  the  Amphioxus    is    complete,  the    respiratory    water, 
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FtoS.  158-160.— Transverse  section  throngh  Bn  early  Inrral  fonn  of 
AmphioiDB.  (Diagnimniatic,  after  Rolph.)  (Cf.  Fig.  162,  p.  424.)  In  Fig. 
158  there  ia  a  free  passage  from  without  into  tbe  iDtestiiuiI  cavity  (D), 
throagh  tbe  gill-openinga  (R^.  In  Fig.  169  the  lateral  loDgitudinal  folda 
of  the  bodj-wall,  the  gill-roof,  arc  forming,  growing  downwards.  In  Pig. 
160  tbeee  Bide-folda  have  grown  towards  each  other  and  their  edges  bare 
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tfoalasoed  in  the  middle  line  of  the  ▼eniral  Hide  (R).  Tho  respiratory  water 
BOW  fmmm  from  the  intestinal  cavity  (D)  into  tho  gill-cavity  [A).  In  all, 
the  letters  indicate  the  samo  parts  :  Nt  modnllary  tube ;  CK  notochord  ; 
Jf,  ■ide-mnsdet ;  Lh,  body-cavity ;  O,  portion  of  the  body -cavity  in  which 
the  lexnal  organs  afterwards  form  ;  D,  intestinal  cavity  lined  by  the  intos- 
iinal-glandnlar  layer  (a);  A,  gpU-cavity  ;  JT,  gill-openingi ;  6=K,  outer  skin, 
or  epidermis  ;  J?|,  the  same  as  the  inner  epithelium  of  the  gill-cavity ;  K^, 
Ihe  same  as  the  outer  epithelium  of  the  gill-cavity. 

which  was  taken  in  at  the  mouth,  passes  out,  no  longer 
directly  through  the  gill-openings,  but  through  tlie  gill-pore 
(p.  branchi4ilis).  That  portion  of  the  intestinal  canal  which 
is  situated  behind  the  gill-body  becomes  the  stomach- 
intestine,  and  forms  on  the  right  side  a  single  purse-like 
protrusion,  which  becomes  a  blind  liver-saa  This  digestive 
portion  of  the  intestinal  canal  is  enclosed  in  the  narrow 
body-cavity. 

In  an  early  stage  of  individual  devolopraent,  the  struc- 
ture of  the  body  of  the  Amphioxus  larva  still  corresponds 
essentially  with  our  ideal  "Primitive  Vertebrate,"  The 
body  afterwards,  however,  undergoes  various  modifications, 
especially  in  the  anterior  portion.  These  modifications  are 
uninteresting  to  us  at  present,  because  they  depend  on 
special  conditions  of  Adaptation,  nor  have  they  anything  to 
do  with  the  hereditary  vertebrate  type.  Of  the  remaining 
portions  of  the  body  of  the  Amphioxus,  we  need  only 
remark  that  the  germ-glands,  or  internal  sexual  organs,  do 
not  deveopo  till  later,  and,  as  it  appears,  directly  from  the 
inner  cell-coat  of  the  body-cavity,  from  the  coelom- 
epithelium.  Although  no  extension  of  the  body -cavity 
is  afterwards  discc<iiible  in  the  side  walls  of  the  gill-cavity, 
in  the  gill-roofs  (Fig.  152),  yet  such  an  extension  does  at 
first  exist  (Fig.  159,  160,  Lh),     In  the  lowest  part  of  this 
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extension,  tlio  aoxiial  glands  originate  friim  a  portion  ol 
the  ccelom-epitheliam  (Fig.  160,  0).  In  other  reapecta,  the 
farUier  modiiic&tioa  of  the  larva  into  the  adult  fona  of  the 
Amphiozus  ib  so  simple  that  we  need  not  now  follow  it'" 

We  will  now  tarn  to  the  htatory  of  the  development  of 
the  Ascldian,  an  animal  apparently  so  much  lower  and  ao 
far  simpler  in  its  organization,  which  spends  the  greater 
part  (^  its  life  as  an  unshapely  mass,  adhering  to  the  bottom 
of  the  sea.  It  was  most  fortunate  tbat  Eowftlevel^  in  his 
reeearchea  first  fell  in  witli  those  larger  Ascidian  forms 
which  most  clearly  testify  to  the  kinship  between  Verte- 
brates and  Invertebrates,  and  of  which  the  larvee,  in  the 
first  stages  of  development,  are  exactly  similar  to  those  of 
the  Amphioxus.  This  agreement  in  all  the  essential  charac- 
ters is  80  great  that  it  is  really  only  necessary  to  repeat 
word  for  word  what  has  already  been  said  about  the 
Ontogeny  of  the  Amphioxus. 

The  egg  of  the  larger  Ascidia  (PfiaUasia,  Cynihm,  etc.) 
is  a  simple  globular  cell  ^^  to  J  mm.  in  diameter.  In  the 
cloudy,  finely  granular  yelk  a  bright,  globular  germ-vesicle 
{nudeus)  about  g^  mm.  in  diameter  is  seen,  enclosing  a 
germ-upot  {nudeolus).  (Fig.  1,  Plate  X.)  Within  the  enve- 
lope, which  surrounds  the  egg,  the  parent-cell  of  the 
Aacidian,  after  fertilization,  passes  through  exactly  the 
same  changes  as  the  cytula  of  the  Amphioxus.  The  special 
incidents  in  the  fertilization  and  egg-cleavage  of  the  largest 
and  most  interesting  of  our  Ascidians  (PliaUusia  mam- 
miUita)  have  lately  been  very  accurately  studied  and 
described  by  Edward  Strasburger,  The  remarkable  details 
of  these  processes,  which  do  not,  however,  touch  our  present 
purpose,  are  given  in  the  excellent  work  by  that  writei 
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on  •  25ellbildung."  "■  Here,  as  in  the  Amphioxus,  the  gemi- 
veside  (nucletia)  of  the  egg-cell  disappeai's  in  great  measure 
even  before  fertilization,  while,  after  the  latter  proceas  Ls 
accomplished,  the  monerula,  in  consequence  of  the  re-forma« 
tion  of  a  kernel,  becomes  a  cytula.  This  breaks  up  by 
primordial  cleavage  into  2,  4,  8,  16,  32  cells,  and  so  on.  By 
continued  total  cleavage  the  morula  forms  the  mulberry-like 
heap  of  like  cells.  Within  this  a  liquid  accumulates,  and 
thus  a  globular  germ-membrane  vesicle  is  once  more  formed, 
the  wall  of  which  consists  of  a  single  cell-stratum,  the 
blastoderm  (Plate  X.  Fig.  3),  just  as  in  the  case  of  the 
Amphioxus  a  true  Gastrula,  a  simple  Bell-gastrula  (Plate  X. 
Fig.  4),  is  formed  from  this  blastula  by  inversion. 

Up  to  this  point  in  the  evolution  of  the  Ascidian  there 
is  no  definite  ground  for  assuming  its  near  relationship  to 
the  Vertebrates ;  for  a  similar  Gastrula  arises  in  the  same 
way  in  the  most  diverse  animals  of  other  tribes  also.  Now, 
however,  comes  an  evolutionary  process  which  is  peculiar  to 
Vertebrates,  and  which  absolutely  demonstrates  the  kinship 
of  the  Ascidia  and  the  Vertebrates.  From  the  outer  skin 
{epiderviis)  of  the  Gastiiila  originates  a  medullary  tube, 
and,  between  this  and  the  primitive  intestine,  a  notochord 
—organs  which  otherwise  occur  only  in  Vertebrates,  and 
are  peculiar  to  them.  The  foniiation  of  this  highly  im- 
portant organ  takes  place  in  the  Gastrula  of  the  Ascidian 
exactly  as  in  that  of  the 'Amphioxus.  In  the  Ascidian  also, 
the  oblong- round  or  oval  Giustru la-body,  which  has  but  a 
single  axis,  becomes  flat  on  one  side,  on  the  future  dorsal 
side.  Along  the  central  line  of  this  flat  side,  a  furrow  or 
trench  forms,  the  medullary  furrow,  and  on  either  side  of 
this  two  parallel  ridges  or  swelliu;^  arise  from  the  skiu 
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layer.  These  two  medullary  swellings  coalesce  over  the 
furrow,  thus  forming  a  tube ;  in  this  case  also,  this  nerve 
tube  or  medullary  tube  is  originally  open  in  fronts  but 
closed  behind  Again,  in  the  Ascidian  larva  also,  the  per- 
manent mouth-opening  is  a  new  formation,  and  does  not 
originate  from  the  primitive  mouth  of  the  Qastrula;  the 
latter  closes,  and  in  its  neighbourhood  the  future  anal 
opening  is  formed  by  inversion  from  the  outside,  at  the 
opposite  end  from  the  opening  of  the  medullary  tube  (Plate 
X.  Fig.  5,  a). 

While  these  important  changes  are  taking  place,  exactly 
in  the  same  way  as  in  the  Amphioxus,  a  tail-like  appendage 
grows  out  from  the  posterior  end  of  the  larval  body,  and 
the  larva  curls  itself  within  the  spherical  egg-covering  in 
such  a  way  that  its  dorsal  side  projects,  wliile  the  tail  is 
bent  back  upon  the  ventral  side.  In  this  tail  now  de- 
velops a  cylindrical  cord,  composed  of  cells,  the  anterior 
end  of  which  extends  into  the  body  of  the  larva  between 
the  intestinal  and  the  medullary  tubes :  this  is  the  chorda 
dorsalis,  an  organ  which,  except  in  this  one  case,  is  found 
only  in  Vertebrates,  and  of  which  no  other  trace  is  to  be 
seen  in  Invertebrates.  Here,  again,  the  notochord  consists, 
at  first,  of  a  single  row  of  large  bright  cells  (Plate  X.  Fig 
5,  cli)'y  afterwards  it  consists  of  several  cell-rows.  So,  too,  in 
the  Ascidian  larva,  the  notochord  develops  from  the  middle 
portion  of  a  cell-stratum,  the  side  portions  of  which  become 
tail-muscles,  and  which  can,  tlierefore,  only  be  the  skin- 
fibrous  layer.  At  the  same  time,  a  cell-stratum  splits  oti 
from  the  intestinal  wall,  which  afterwards  forms  the  heait, 
the  blood  and  the  vascular  system,  and  also  the  intestinal 
muscles.     This  is  the  int<.\stinal-iibrous  layer. 
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On  making  a  section  thraugh  the  niiddk'  of  tho  body  in 
this  stage  (at  the  point  where  the  tail  joins  the  trunk),  we 
find  in  the  Ascidi&n  larva  precisely  the  nanie  characteristic 
disposition  of  the  chief  organs  as  in  tlic  larva  of  the 
Amphioxus  (Plate  X.  Fig.  G).  In  the  middle,  between  the 
medullary  tube  and  the  intestinal  tube,  is  the  cJwrda  cUir- 
oalie ;  and  on  each  side  of  the  latter,  the  muscle -plates  of 
tho  back.  The  section  of  the  Ascidian  larva  now  ditfent  in 
no  essential  way  from  that  of  our  ideal  Vertebrate  {Fig. 
161), 

When  it  has  reached  this  stage  of  development,  the 
Ascidian  larva  begins  to  move  witliin  the  egg-covering. 
This  ruptures  the  egg-covering  ;  the  larva  emerges  from  the 
latter,  and  swims  freely  about  in  the  sea  by  means  of  its 
rudder-like  tail  (Plate  X.  Fig.  5),  These  free-swimming 
Ascidian  larva  have  long  been  known  to  science.  They 
were  first  observed  by  Darwin  during  his  voyage  round  the 
world  in  1833.  In  external  form  they  resemble  the  larva 
of  the  frog,  the  tadpole,  and  they  move  about  in  the  water 


Fin.  161.— TraQiTCFH  acclion  tliruuKh  i< 
Primitiio  Vprtebrmto  (Fid.  52).  Thp  kk 
[Muei  IhrouKh  the  w|tittkl  aiii  Bnti  the  c 
■li*  :  n.  medDllary  tube ;  i,  noUichunI ;  t,  du 

ckTJty  i  m,.  durmi  miuclci;    m,,  Tcnlnl  ti 


like  the  latter,  using  their  tail  a.i  a  nidder.  T\\n  highly 
develofied  youthful  condition  of  free  movement  lasts,  hnw- 
ever,  only  for  a  short  time.     A  further  progressive  develop- 
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ment  yet  occurs ;  two  small  sense-organs  make  their  appear- 
ance in  the  foremost  part  of  the  medullary  tube :  of  these 
the  one  is,  according  to  Kowalevsky,  an  eye,  the  other  an 
organ  of  hearing  of  the  simplest  structure.  A  heart  also 
develops  on  the  ventral  side  of  the  animal,  on  the  lower 
wall  of  the  intestine;  and  this  is  of  the  same  simple  form, 
and  is  ntuated  in  the  same  place  as  the  heart  in  Man  and 
all  other  Vertebrates.  In  the  lower  musde-wall  of  the 
intestine  a  wart-like  growth  makes  its  appearance — ^a  solid 
spindle-shaped  cord  of  cell, — the  interior  of  which  soon 
becomes  hollow :  it  begins  to  move  by  contracting  in  oppo- 
site directions,  now  backwards,  and  then  again  forwards,  as 
in  the  full-grown  Ascidian.  In  this  way  the  blood-fluid, 
collected  in  the  hollow  muscular  pouch,  is  driven  in  aJter- 
Qate  directions  into  the  blood-vessels,  which  develop  at  both 
ends  of  this  tubular  heart.  A  main  vessel  traverses  the 
dorsal  side  of  the  intestine,  another  its  ventral  side ;  the 
former  represents  the  aorta  (Fig.  161,  t)  and  the  dorsal  vessel 
of  Worms.  The  latter  represents  the  intestinal  vein  (Fig. 
161,  v)  and  ventral  vessel  of  Worms. 

When  these  organs  are  complete,  the  progressive  Onto- 
geny of  the  Ascidian  is  at  an  end,  and  retrogression  now 
commencea  The  freely-swimming  Ascidian  larva  sinks  to 
the  bottom  of  the  sea,  relinquishes  its  power  of  free  loco- 
motion, and  becomes  fixed.  By  means  of  that  very  part 
of  its.  body  which  was  foremost  in  locomotion,  it  adheres 
to  stones,  marine  plants,  shells,  corals,  and  other  objects  at 
the  bottom  of  the  sea^  To  secure  it  to  these,  several 
excrescences  are  employed,  usually  three  wart-like  bodies, 
which  may  be  observed  on  the  larva,  even  while  it  yet 
swims.     The  tail,  which  is  of  no  further  use,  is  now  last 
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It  undergoes  fatty  degeneration,  and  is  cast  off  together 
with  the  entire  notochord.  The  tail-less  body  becomes  a 
shapeless  bag,  or  sac,  which,  by  retrograde  metamorphosis 
of  its  separate  parts  and  by  re-formatiun  and  modification, 
gradually  acquires  that  remarkable  structure  which  has 
already  been  described. 


Fio.  162— Append icnlBiik  (CopaUU), 
■een  from  tho  Ictt  ■ida:  «n,  moothi  fc,  ptl- 
iotratinej  o,  maopbagas;  v,  •lorotob;  a, 
uina ;  n,  bimJQ  (upper  throat  ganglion)  i 
f.  ear>Teaicl«;  /,  graofe  under  the  gill) 
h,  heart  i  I,  teatea  )  a,  onrj  i  e,  notochord  j 


Among  the  extant  Mantle 
Animals  (7Vni«afa),there  is,  how- 
ever, an  interesting  group  of 
small  animals  which  retain 
throughout  Jife  tho  tailed,  inde- 
pendent ascidian  larval  stage  of 
development^,  a^d  whkli,  by 
means  of  their  i>crmanont,  broad, 
rudder-like  taiK  move  actively 
about  in  the  Bca.  These  arc  tiio 
remarkable  j^/';»fn//icit/«citc(Kig. 
Ili2).  They  are  Uic  only  extant 
Invertebrates  ]>enDancntly  pos* 
sessing  a  notochord,  and  are, 
therefore,  the  nearest  allies  of 
tlie  extinct  Chorda  Animal)! 
(C7«w<i(mta),  of  the  prinueval 
Wonn«  which  must  be  regarded  as  the  common  parent-form 
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of  Mantle  Animals  (Tunicata)  and  of  Vertebrates.  Tta 
notochord  of  the  Appendiculaiia  is  a  long  cylindrical  tord 
(Fig;  162,  o),  which  serves  to  oonned  the  masdos  which 
inove  the  flat,mdder-like  taiL 

Among  the  various  retrogressioiiB  which  are  aiuiei;goDe 
-  by  the  Ascidian  larva  after' it  has  atfocheid  itself'  the 
degeneration  of  one  of  the  moat  important  pKrCs  of  tbe 
body,  the  medullary  tube,  is,  next  to  the'  Iras  of  the  noto- 
chord, of  peculiar  interest  While  in  tiie 'AtnphiozoB  the 
medulla  Bteadily  develops,  thst'oftbd'AsciSiian  larva  soon 
shrinks  to  the  proportions  of  a  small,  insignificant  nerve 
ganglion,  which  lies  over  the  moath-opening,  above  the 
gill-body,  and  which  represents  the  exceedingly  low  mental 
endowments  of  this  animal  (Plate  XL  Fig.  14,  m).  This 
insignificant  remnant  of  the  medtdlary  tube  seems  to  retain 
no  likeness  to  the  medulla  of  Vertebrates,  although  it 
originated  from  the  same  rudiment  as  the  medulla  of  the 
Amphioxus.  The  sense-organs,  which  had  developed  in  the 
anterior  end  of  the  nerve-tube,  are  also  lost;  in  the  fiiU- 
grown  Ascidian  there  is  no  trace  of  them.  On  the  other 
hand,  the  intestinal  canal  now  develops  into  a  very 
capacious  organ.  This  soon  breaks  up  into  two  separate 
parta — a  wide  anterior  gill-intesUne  for  respiration,  and  a 
narrow  posterior  stomach-intesUne  for  digestion.  In  the 
former  the  gill-openings  form  in  exactly  the  same  way  as 
in  the  Amphioxus.  At  first  the  number  of  gill-openings  b 
very  small ;  it  afterwards,  however,  increases  considerably, 
and  gives  rise  to  a  large,  lattice-like  perforated  gill-body. 
The  "  hypobranchial  groove  "  ori^nates  in  the  central  line 
of  the  ventral  side  of  this  g^-body.  The  wide  gill-cavity, 
which  surrounds  the  gill-body,  also  develops  in  the  Ascidian 
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just  as  in  the-Amphioxus.  The  excretory  opening  of  the 
former  conesponds  fully  to  the  abdominal  pore  of  the  latter. 
In  the  adult  Ascidian  the  gill-intestine  and  the  heart  rest- 
ing on  the  ventral  side  of  the  latter,  are  almost  the  only 
organs  that  recall  the  original  relationship  to  Vertebratea 

In  conclusion  we  will  glance  at  the  development  of  the 
curious  external  gelatinous  mantle,  or  cellulose  sac,  in  which 
the  Ascidian  is  aflerwards  entirely  enclosed,  ahd  which 
characterizes  the  whole  class  of  Mantle  Animals  (Timicata). 
Yery  various  and  remarkable  views  have  been  entertained 
as  to  the  formation  of  this  mantle.  For  instance,  it  was  the 
opinion  of  Kowalevsky,  that  the  animal  does  not  itself 
form  the  mantle,  but  that  the  latter  is  produced  by  special 
cells  from  the  maternal  Lody,  which  surround  the  egg. 
According  to  this  the  mantle  would  be  a  permanent 
egg-envelope.  This  is  contraiy  to  all  analogy,  and  d 
priori  highly  improbable.  Another  naturalist,  Kupfler, 
who  has  confirmed  and  extended  the  res^rches  of  the 
former,  assumed  that  the  mantle  develops  from  cells  which, 
even  before  the  impregnation  of  the  e^-cell,  form  from  the 
outer  portion  of  the  yelk,  and  separate  entirely  from  the 
inner  portioa  This  seems  very  doubtful  and  unlikely. 
Hertwigs  researches,  which  arc  confirmed  by  my  own 
observations,  first  showed  that  the  mantle  develops  an  a 
so-called  "cuticula."  It  is  an  exudation  from  epidermic 
cells,  which  soon  hardens,  separates  from  the  real  body  of 
the  Ascidian,  and  condenses  so  as  to  form  a  strong  enveloi>e 
round  the  latter.  The  matter  of  these  cells  is  chemically 
indistinguishable  from  the  cellulose  of  plants.  While  the 
epidermic  cells  of  the  exteinal  hom-plate  are  secreting  this 
tnasB  of  oeliulose,  some  of  them  drop  into  it,  continue  to 
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bft  in  ths  exaded  masa,  and  ud  in  constructing  the  mantle 
In  this  way  the  Btrong  eztem&l  covering  ia  at  length 
formed,  groire  tiiicker  and  tliicker,  and  in  many  adult 
Asddia  constitutes  upwards  of  tvo-thirda  of  the  entire  mas* 
of  the  body."" 

The  &^er  development  of  the  individual  Ascadian  ia 
at  no  special  interest  to  us,  and  we  will  therefore  not  continno 
jto  trace  it  The  most  important  result^  supplied  by  Qntor 
gepeaiSiiaiCB'peifectagTe^nent  -mih  that  of  ^«  Amphioxus 
in, the  earlieet  and  <m(t9t'iii|portant  stages  .<^  its 'geno- 
histoiy.  ItisQnlyfrft^r  the  |nedullai7attdintestiiial;tuhe4 
and.  between 'these,  ^enotochord/with  its  :piu8btM,  haVe  ' 
been  formed,  that  their  development  takes  'different .  direct 
tiona.  TheAmphioxus  pursues  ^  steadily  progressive  coUrs9 
nt'  development^  rtill  it  entirelj'  resembles  the  {larent-fonn^ 
of  the  higher  Vertebrates,  while  the  Ascidian,  on  the  eour 
tnn^,  enters  on  a  course  of  retrograde  metamorphosia,  and 
tinally,  in  the  developed  state,  appears  as  a  very  imperfect 
member  of  the  Worm  group. 

Those  who  again  review  all  the  remarkable  facts  which 
wo  have  found  both  in  the  structure  and  in  the  germr 
history  of  the  Amphioxus  and  Ascidian,  and  who  then 
cumpoie  these  with  the  previously  ascertained  facte  of 
human  germ-history,  will  not  thiuk  that  I  have  ascribed 
uzaggerated  importance  to  these  highly  interesting  animal 
forms.  For  it  is  now  evident  that  the  Amphioxus  as  the 
representative  of  Vertebrates,  and  the  Ascidian  as  the  repre- 
sentative of  Invertebrates,  form  the  bridge  which  alone  can 
.span  the  deep  gulf  between  these  two  main  divisions  of  the 
animal  kingdom.  The  fundamental  agreement  exhibited 
by  the  Xioncelet  and  the  Ascidian  in  the  first  and  the  most 
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important  points  of  their  embryonic  development  does  not 
only  testify  their  close  anatomical  form-relationship  and 
t!ieir  connection  in  the  Sjrutem;  it  aUo  testifies  their  true 
blood -relationship  and  their  common  origin  from  one  and 
the  same  parent  form;  and  hence  it  at  the  same  time 
throws  a  flood  of  light  upon  the  earliest  origin  of  human 
genealogy.^ 

Writing  in  1868  "  on  the  origin  and  genealogy  of  the 
human  race/'  I  insisted  upon  the  extraordinary  importance 
of  this  circumstance,  and  declared  that  we  must  accordingly 
'regard  the  Amphioxus  with  special  Yeneration  as  that 
animal  which  alone  of  all  extant  animals  can  enable  us  to 
form  an  approximate  conception  of  our  earliest  Silurian 
vertebrate  ancestors."  This  proposition  has  given  very 
great  offence,  not  only  to  unscientific  theologians,  but  also 
to  many  others,  especially  such  philosophers  as  still  cherish 
the  anthropocentric  error,  and  who  look  on  man  as  the  fore- 
ordained object  of  "  creation,"  and  as  the  true  final  cause  of 
all  terrestrial  Ufa  The  "  dignity  of  humanity,"  it  was  said 
in  a  church  newspaper,  is,  by  such  a  statement  as  mine, 
"trodden  underfoot^  and  the  divine  rational  conscience  of 
man  grievously  hurt.** 

This  indignation  at  my  honest  and  deep  respect  for  the 
Amphioxus  is,  I  am  free  to  confess,  quite  incomprehensible 
to  ma  If,  on  entering  a  grove  of  ancient  oaks,  we  express 
reverence  for  these  venerable  trees,  the  life  of  which  haa 
endured  a  thousand  years,  no  one  thinks  this  unnatural 
Yet  how  high  above  the  oak  does  the  Amphioxus,  or  even 
th  2  Ascidian  organixation,  stand  in  this  respect  I  And  what 
are  the  thousand  years  of  life  of  a  venerable  oak  .compared- 
with  the  many  milliona  of  years  the  history  of  which  is  told 
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hy  the  AmpUoxusl  But  apart  &om  all  this,  the  Amplii- 
(skull-less,  brainless,  and  mcmborlens  as  it  is)  deserves 
all  reaped  u  being  of  our  own  flesh  and  Uood  t  At  any 
rate,  (he  AmphioxuB  has  better  right  to  be  aa  object  pf 
profonndest  adntiraUon  and  of  devontest  reTereace,  than  anj: . 
one  in  that  wtnthless  rabble  of  ao-ealled  "atunta"  in  vhom 
honour  oar  "dTilised  and  enli^tened"  tmltoied  natioiu 
wect  tetnplea  and  decree  proceudona, 

^Hie  infinite  importance  of  mie  AmpbiozoB  and  the  A  Boidiaa 
•8  exj^uning  the  development  of  Man,  and  oonaeqoently  his 
tme  nature,  may  be  clearly  seen  from  (hs  following  BOm- 
mariaa,  in  which  I  have  stated  the  principal  homologies  of 
the  highest  and  of  the  lowest  Vertebrates  (Table  IX.).  The 
table  exhibits  the  undeniable  fact  that  the  human  embryo 
at  an  early  period  of  its  development  agrees  in  the  most 
essential  points  of  its  organization  with  the  AmphioxuB  and 
with  the  embiyo  of  the  Ascidian,  while,  on  the  other  hand, 
it  differs  radically  from  the  developed  Han.  It  is,  however, 
equally  important  that  we  should  remember  the  profound 
gulf  which  separates  tiie  Amphiozus  from  all  other  Terte- 
bratee.  Even  yet  the  L&ncelet  is  represented  in  all  text- 
books of  Zoology  as  a  member  of  the  Fish  class.  When  (in 
1866)  I  totally  separated  the  Amphioxus  firom  the  Fishes,  and 
divided  the  entire  vertebrate  tribe  into  two  chief  groups,  the 
Skull-lesB  Animftla  (Amphloxus)  and  the  Skulled  ATiinmh 
(all  other  Vertebrates),  my  classification  waa  regarded  as  a 
useless  and  unfounded  innovation."'  How  the  matter 
stands  is  best  seen  in  the  appended  table  (Table  X).  In  all 
essential  points,  Fishes  aic  more  nearly  allied  to  Man  than 
to  Ihe  AuiX)hioxua 
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Systematic  Sunre?  of  the  roost  important  homologies  between  the  human 
embryo,  the  embrjo  of  the  Ascidian,  and  developed  Amphioxus  on  the 
one  hand,  and  on  tlie  other  hand,  the  developed  Man. 


Mmhryo  <4 
Atddian, 


J9m6ryo. 


Ikvelopei 
Man. 


L^Frodmeit  if  010 


rf  ths  SHn^la^m', 


Naked  oolar  skin 
Simple  mednllarj 

iabe 
PrimitiTekidnej(7) 
(ezcretoij  canalF) 
Simple  thin  leather 

aldn  (Corium) 

Simple  skin-mne 
calar  poooh 

NoCoohoca 
NosknU 
No  limbe 
Hermaphrodite 
■exnal  glands 


Naked  outer 
Simple  mednllafy 

tube 
PrimitiTekidneyCf) 

Simple  thin  leather 
akin  (Oarium) 

Simple  tmn^ 
mnsde  system 

Notochocd 
No  sknll 
No  limbs 
Separated  aeziial 
glands 


Naked  outer  sldn 
Simple  mednllary 

tnbe 
FHmiti?«   kidnej 

doot 
Simj^thinleather 

skin  (Cotmum) 


Simple 
plate 


Notochocd 
No  sknll 
No  limbs 
Uennaphrodite 
sexnal  glands 


Hairj  outer  skia 
Brain   and  tpiDal 


Oridnot  and 

sperm -dnot 
Differentiated 

thick  leather  skia 

(Corium) 
Differentiated 

tmnk-moaoU 

system 
Vertebral   oolomn 
Bony  skull 
Two  pair  of  limbs 
Separated    sexual 

glands 


lI^^Product$  <(f  ths  Di/trsfitta/ton  qf  th€  Jnl$$Unal  (oysrt. 


Simple  bodycarity 

(Orfnnio) 
Oae-chaoibered 

heart 
DorMl  TMsel 
Simple  liver  poooh 

Simple    intestina] 
tube    with  gill- 


Si  inple  body  cavity 

(Cceloma) 
Simple  tnbolar 

heart 
Aorta 
Simple  Urer  pooch 


Simple    intestinal 
tnbe   with  gill- 


Simple  body  carity 

(Ciglcma) 
One-chambered 

heart 
Aorta 
Simple  liver  pooch 


Simple    intestinal 
tnbe  with  gill- 


Distinct  chest  and 
rentral  oaritiea 

Four-ohambered 
heart 

Aorta 

Large  differeo* 
tiated  liver 

Differentiated  !•- 
testinal  tobe 
withoot       gOU 


4fi6 


THK  moixmovt  or  uak. 


m\ 


■Tatonutla  Bvtcj  rf  tha  polnti  ol  etmnmi&m  In  lom  «(  lh«  AaeMbut  ani 
Amphioioa  on  tha  ana  nde,  and  tlw  KabM  and  ICan  €M  Uia  othar.  In 
MnpkUilj  dafelt^ad  oooditimu. 


ItaMloprf 

DtveU^ed 

Div>-lnptd 

Amphiox^. 

Fith. 

ilan. 

Eoad   and    trunk 

Head    and    trunk 

Head    aod    tmok 

Head    and    trunli 

not  distioot      . 

not  diatbat 

distinct 

diatinot 

No  limbi 

No  limb. 

Two  pair  of  limbB 

Twopairoflirolia 

NoslniU 

No  sknll 

Developed  sknll 

Developed  eknll 

No  tongne-bone 

Tongne.bone 

Tungco-boiia 

N  u  javr-appuriktUB 

Jaw-appanilna  . 

(□ppcr        nod 

(uppor        and' 

lower  jnwe) 

lower  jaws) 

No   vertebra! 

AKicnlated  vorte- 

eolamn 

oolumn 

brul  colnmo 

bnil  column 

Notib* 

Noriba 

Ribs 

[libs 

Bi»fn    nndifferan- 

Braie    DodiCferen. 

Bmm   differen. 

Brain    diffeten. 

tinted 

tiated 

tiated 

tiated 

Ryes  radimpQtiirj 

Eyes  developed 

No  ear-organ 

Noear.orgau 

Ear  -  organ     Tritli 

Ear-orgBD        with 

tliree     Bomioir- 

three     ae  mi  cir- 

cuhir oacala 

cular  cunalB 

No      iympathetin 

Sjmpathotio 

lotcstinal   epithe- 

iBtostino]  opitho. 

Intestinal  epithe- 

linmoiliatoa 

lium  ciliated 

Ham  not  oiliat«d 

lium  not  oiliatcd 

Simple    liver    (or 

Simple  lircr  (blind 

Com  pound      liver 

Compound       liyer 

-ODO) 

intcfitine) 

glaud 

glaed 

No     Tontml    gali- 

No    veatTol    tali- 

Veulral     laliTary 

Ventral     aaliraiy 

TttTj  glnod 

Tory  glaod 

glaud 

gUnd 

No  ■o.in.miQg 

No    >«imming 

Swimming     blad- 

bladder 

bladder 

der      (rudimeu- 
tarj  lunj-B) 

blaildor) 

EMneT^mdimen. 

EidDOys  rodtmen- 

Kidneys  deve- 

EidnejB  deve. 

lary  (?) 

Inry  (f) 

loped 

lopod 

Simple    beurt 

Simple       tnbnlar 

Heart  with  valvea 

Heart  with  va1v»f 

,K>UOh 

heart 

Blood  colonrlBS. 

Blood  red 

Blood  r»d 

No  spleen 

No  Bpleen 

Sfleer 

Spleen 

UypDbranchJBl 

UypLbiUDchial 

Tbyi«id  gland 

Thyioid  ^ud 

KTOovo  on   Bill- 

KToove  on   gUl- 

bod; 

b»Jj 
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■jatanMlJB  tanvy  ibowini  tba  darirntkm  of  tb«  gienu-lkjan  of  th*  Amphkiiu* 

trmn  tba  pMr«nt-««Il  (ojtola],  tai  of  tha  inkia  orguu  ttom  tli«  germ.lft/fin, 

(Trea  ibowing  tba  oatOKMiaUa  daM«at  of  tba  cell*  in  Um  Amphioiiu),"* 


M  nW.llTto    nvb-B 


<3in-*plib»Ilni 


T 


IMiaU  OhtM 


X. 


ct*.        laUMlM 
ikUim        (lit- 
I  oiAwm 


J  Skln-flbrona         lotNUnsl-Sbroiu  Intodioal'glui* 

larsr  Uf-r  dularltfir 


EiodennaCnc.  !•>.•) 
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Evolution  by  Atrophy. 

By  Jean  Demoor,Jean  Massart,  and  £mileVandrrvelde. 
$1.50. 

The  purpose  of  this  work  is  twofold.  The  author's  tim  to  show,  fir«t* 
that  au  Msential  element  of  the  process  of  evolution  as  it  ^oes  on  among 
plants  and  animals  is  the  degeneration,  decay,  or  atrophy  of  organs  or  parts 
of  organs,  at  the  same  time  that  other  parts  or  organs  may  and  are  generally 
being  carried  to  a  higher  stage  uf  development,  these  modiScations  of 
structure  being  attended  with  corresponding  cnanges  of  (unction.  Secondly, 
they  point  out  that  what  is  true  in  these  respects  in  the  field  of  life  or  biology 
is  also  true,  though  perhaps  to  a  less  extent,  in  social  phenomena  or  sociology. 

Memory  and  its  Cultiyation. 

By    F.  W.   Edri doe-Green.   M.  D..  F.  R.  C.  S..   author  of 

*' Colour- Blindness  and  Colour- Percept  ion."  etc.     $1.50. 

Memory  b  the  most  important  function  of  the  brain  ;  without  it  life  would 
b;  a  blank  Our  knowledge  is  all  based  00  memory.  Every  thought,  every 
action,  our  very  conception  of  personal  identity,  is  baaed  on  memory.  In 
this  volume  the  author  demonstrates  that  memory  is  a  definite  faculty,  and 
has  its  teat  in  the  basal  ganglia  of  the  brain,  separate  from,  but  aisociatcd 
with,  all  the  other  faculties  of  the  brain. 

The  Aurora  Borealis. 

By   Alfred  Ancot,  Honorary   Meteorologist  to  the  Central 

Meteorological  Office  of  France.  With  18  Illustrations.  $1.7$- 

While  there  have  b?<n  many  monographs  in  dtflermt  languages  upon 
various  phases  of  this  subject,  there  has  been  a  want  of  a  convenient  and 
comprehensive  survey  of  the  whole  field.  Professor  Angot  has  cited  a  few 
illuitrations  of  each  class  of  phenomena,  and  he  presents  a  picture  of  the 
actual  ftUt*  of  present  knowledge,  with  a  summary  both  of  definite  results 
and  of  the  poinu  demanding  additional  investigation. 

The  Eyolution  of  the  Art  of  Music. 

By  C.  HuiiKRT  H.  Parry,  D.  C.  L..  M.  A.,  etc.    $i.7S- 

What  is  Electricity  ? 

By  John  Trowbridge,  S.  D.,  Rumford  Professor  and  Lecturer 
on  the  Applications  of  Science  to  the  Useful  Arts,  Harvard 
University.     Illustrated.     $1.50. 
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AWARDED  PRIX  BERTILLON,  J902. 
The  Races  of  Europe.  - 

A  Sociological  Study.  By  Williak  Z.  Ripley,  Vh.  D.,' 
Assistaot  Professor  of  Sociology,  Massachusetts  Institute 
of  Technology ;  Lecturer  in  Anthropology  at  Columbia' 
University,  ia  the  City  of  New  York.  Grown  8v6,  Cloth ; 
650  pages,  with  85  Maps  and  135  Portrait  Types.  With  a, 
Supplementary  Bibliography  of  nearly  3,000  Titles,  sepa-| 
rately  bound  in  Cloth,  issued  by  the  Boston  Public  Library.' 
178  pages.    Price,  $6.00. 

"One  of  Ihe  most  impoitant  works  of  the  year." — AVo  Kurvl  Mail 
and  Exfrtii. 

"  An  important  work  in  tlie  domain  of  anthropology  and  a  boc4l  of 
supreme  Interest  at  Ihe  present  momenl." — Ckitaga  Timci-HenUd, 

"Not  only  a  profound  sociological  study  but  a  scholarly  conlrl* 
bolion  to  Ihe  science  of  anthropology  and  ethnology  by  an  emiDent 
atithorily."— /".((/jflt^^  Preii. 

"Will  win  the  approval  of  all  thoughtful  readers;  and  the  care, 
patience,  skill,  and  knowledge  with  which  it  is  planned,  and  the  highly 
satisfactoiy  manner  in  which  the  plan  is  carried  out,  call  for  the  Terj 
highest  praise." — Bettsn  SatMrday  Evening  Caitltc. 

"One  of  the  most  fascinating  sociological  and  anthropolc^ical 
studies  (hat  have  been  offered  of  laic  to  the  public.  .  .  .  The  book  is 
one  to  be  studied  with  care,  and  il  is  a  pleasure  to  commend  it  as  most 
helpful  to  sociological  students." — Chicago  Evening  Post. 

"  A  valuable  and  interesting  book.  .  .  .  Will  attract  the  attention 
of  all  students  of  anthropology  and  all  its  kindred  subjects.  While  it 
will  tno^t  deeply  inlerest  advanced  scholarly  readers,  it  at  the  same 
time  abounds  in  value  for  those  not  among  Ihe  learned  classes." — 
Ciicaga  Intir-Octan. 
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A   MAGNmCENT    WORK. 


The  Living  Races  of  Mankind. 

By  H.  N.  Hutchinson,  B  A.,  F.  R.  G.  S.,  F.  G.  S.;  J.  W. 
Gregory,  D.  Sc,  F.  G.  S.;  and  R.  Lydekker,  F.  R, 
S.,  F.  G.  S.,  F.  Z.  S.,  etc.;  Assisted  by  Eminent  Spe- 
cialists. A  Popular  Illustrated  Account  of  the  Customs, 
Habits,  Pursuits,  Feasts,  and  Ceremonies  of  the  Races 
of  Mankind  throughout  the  World.  600  Illustrations 
from  Life.  One  volume,  royal  8vo.  $5.00  net ; 
postage.  65  cents  additional. 

The  publication  of  this  nuigiiifioent  and  unique  work  is  peculiarly 
opportune  at  this  moment,  when  the  trend  of  political  eipan&ion  is  breakin|^ 
down  barriers  between  races  and  creating  a  demand  for  mote  intimate 
knowled^  of  the  various  branchej  of  the  human  family  than  has  ever 
before  existed. 

Mr.  H.  N.  Hutchinson  is  the  f;eneral  editor ;  he  is  well  known  as  a 
fertile  writer  on  anthropolo^cal  subjects,  and  has  been  engaged  for  Eevcral 
years  in  collecting  the  vast  amount  of  material  (much  of  it  having  been, 
obtained  with  great  difficulty  from  remote  regions)  herewith  presented. 
The  pictures  speak  for  themselves,  and  certainly  no  such  perfect  or  complete 
scries  of  portaits  of  living  races  has  ever  before  been  attempted.  The 
letter-press  has  been  prepared  so  as  to  appeal  to  the  widest  public  possible. 

In  "  The  Living  Races  of  Mankind  *'  attention  is  confined  to  a  popular 
arcount  of  the  existing  peoples  of  the  worid  The  various  authors  descril  e 
h.)w  the  widely  scattered  member*  of  the  great  fraternity  live ;  what  they 
do;  their  habitations,  dress,  omamenu,  and  weapons  ;  their  religious  feasts, 
cerfmonies,  and  superstitions;  their  general  characteristics,  mannets.  and 
c»itom«  in  their  daily  relations  with  one  another. 

The  superb  illustrations  are  a  new  departure,  and  form  a  most 
important  feature.  They  are  acrurat?  and  b^jiutiful  reprodurtions  v( 
photographs  from  life  and  they  form  a  collection  not  likely  to  be  lecared 
afiin  in  the  coarse  of  the  coming  century. 
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HONEERS  OF  CREATIVE  THOUGHT. 


Pioneers  of  Science  in  America. 

Sketches  of  their  Lives  and  Scientific  Work.  Edited  and 
revised  by  William  Jay  Youmans^  M.  D,  With  Portraits. 
8vo.    Cloth,  $4.00. 

**  a  wdnderf uUy  interestiiig  Yolume.  M::ny  a  youns  man  will  flad  it  faMrlaatiM. 
The  coinpilatioa  of  tbe  book  is  a  woric  well  done,  wcu  worth  the  doing.**— ^^iU» 
Ai^kia.  Frt$t, 

**  One  of  the  most  valuable  contributions  to  American  literature  reeently  nade* 
...  No  better  or  more  insfnring  reading  could  be  placed  in  the  hands  of  an  intdli- 
^ent  and  aspiring  young  man.'* — Ifewrork  CkristmH  W§rk,- 


**  A  valuable  handbook  for  those  whose  work  runs  on  these  same  lines,  and  is 
likely  to  prove  of  lasting  intereit  to  those  for  whom  *k*  docmtmeuU  AmmmiAi'  are 
second  only  10  history  in  importance— nay,  are  a  vital  part  of  hbtory." — BetUn 
Transcript. 

*'  It  is  certainly  a  useful  and  convenient  volume,  and  readable  too,  if  we  jud^e 
correctly  of  the  accuracy  of  the  whole  by  critical^  examination  of  those  cases  in 
which  our  own  knowledge  enables  us  to  form  an  opinion.  ...  In  general,  it  seems 
to  us  that  the  handy  volume  is  specially  to  be  commended  for  setting  in  just  his- 
torical perspective  many  of  the  earlier  scientists  who  arc  neither  vrry  generally  nor 
very  well  known." — New  York  Evening  Post, 


Pioneers  of  Evolution,  from  Thales  to  Huxley. 

By  Edward  Clodd,  President  of  the  Folk-Lore  So- 
ciety ;  Author  of  "  The  Story  of  Creation,"  "  The  Story  of 
'Primitive "Man," etc.  With  Portraits.  i2mo.  Cloth, $1.50. 

"  Luminous,  lucid,  orderly,  and  temperate.  Above  all,  it  is  entirely  free  from 
personal  pariizanship."— Z.«r<a>«  ActuUmy. 

'*  A  very  useful  guide  to  the  lives  and  labors  of  leading  evolutionists  of  the  past 
and  present.  Especially  serviceable  is  the  account  of  Mr.  Herbert  Spencer  and  It  is 
share  in  rediscovering  evolution,  and  illustrating  its  relations  to  the  whole  field  of 
human  knowledge."— I^wr</<»«  Literary  W(*rld. 

"The  mass  <if  interesting  material  which  Mr.  Clodd  has  got  together  and  woven 
Into  a  symmetrica!  story  of  the  progress  from  ignorance  and  theor>'  to  knowledge 
and  the  intelligent  reconling  of  fact  is  prodigious.  ...  An  important  contribution 
to  a  liberal  education." — London  Daily  Ckt-onicle, 

*•  We  are  alwa>'S  glad  to  meet  Mr.  Clodd.  He  is  never  dull ;  he  is  always  well 
l;iformed,  and  he  says  what  he  hasto  say  with  clearness  and  precision.  .  .  .  1 1  e 
interest  intensifies  as  Mr.  Clodd  attempts  to  show  the  part  really  P[ay«d  in*  the 
growth  of  the  doctrine  of  evolution  hy  men  like  Wallace,  Darwin,  Huxley,  and 
Spencer.  .  .  .  W«»  comm^-nH  the  book  to  those  who  want  to  know  what  evolution 
really  means."— /-<»«</.»«  Times. 


D.  AP  PL  ETON  AND  COMPANY,  NEW  YORK.         i'. 

• 
• 

I 


A  NEW  VIEV  OF  DEATH. 
The  Individual. 

A  Study  of  Life  and  Death.  By  Prof.  N.  S. 
Shaler,  of  Harvard  University.  i2mo.  Cloth. 
^1.50.  • 

Profesfor  Shaler't  book  b  one  of  deq>  and  pennincnt  interes? • 
In  his  preface  he  writes  as  follows  :  «« In  the  following  chapters 
I  propose  to  approach  the  question  of  death  from  the  point  of 
new  of  its  natoral  history,  noting,  in  the  first  place,  how  the 
higher  organic  individuals  are  related  to  those  of  the  lower  ir.or- 
ganic  realm  of  the  universe.  Then,  taking  up  the  organic  series, 
I  shall  trace  the  progressive  steps  in  the  perfeaion  of  death  by  a 
determination  as  to  the  length  of  the  individual  life  and  its  division 
into  its  several  stages  from  the  time  when  the  body  of  the  mdi- 
vidual  is  separated  from  the  general  body  of  the  ancestral  life  to 
that  when  it  returns  to  the  common  store  of  the  eanh.  ;  .  .  in 
effect  this  book  b  a  plea  for  an  education  as  regards  the  place  of 
the  individual  life  in  the  whole  of  Nature  which  shall  be  consistent 
with  what  we  know  of  the  universe.  It  is  a  plea  for  an  undcr- 
sunding  of  the  reladons  of  the  person  with  the  realm  which  is,  in 
the  fullest  sense,  his  own  ;  with  his  fellow-beings  of* all  degrees 
which  are  his  kinsmen  ;  with  the  past  and  the  fiiture  of  which 
he  is  an  integral  part.  It  is  a  protest  against  the  idea,  bred  of 
many  natural  misconcepdons,  that  a  human  being  is  something 
apart  from  its  fellows  ;  that  it  is  bom  bto  the  world  and  dies  out 
of  it  into  the  lonelineu  of  a  supernatural  realm.  It  is  this  sense 
of  isolation  which,  more  than  all  else,  is  the  curse  of  life  snd  the 
sting  of  death.'* 

'*  Typical  of  what  wc  call  the  new  reGpout  literature  which  *.  to  matk  (he 
twentieth  century.  Jt  it  pre-eminently  lenoua,  tender,  aa4  to  the  truett  ienie 
Chnirian.**— %rir/r/4/  RepmUusm, 

'*  In  thcte  prttlbandly  thoughtiul  paces  the  organic  hifTory  of  the  indiviJaal 
nun  Is  to  presented  as  to  five  him  a  vision  of  hintself  ttadreamed  of  in  <  leu 
scientific  age.  .  .  .  Speaking  as  a  naturalist  from  stody  of  the  bets  of  Nature, 
Professor  Shaler  says  that  th^  can  not  he  eiplatned  *  excepc  on  the  sugposiiion 
that  a  mighty  kinsman  of  man  b  at  work  behind  it  all.*  ** — T^  Omil—k. 
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BCX>KS  BY  PROFESSOR  GROOa 


The  Play  of  Man. 

By  Karl'  Groos,  Professor  of  Philosophy  in  the  Uni» 
versity  of  Basel.  Translated,  with  the  author's. cpdpera- 
tion,  by  Elizabeth  L.  Baldwin,  and  edited,  with. a  Pr^ace 
and  Appendix,  by  Prof.  J. -Mark  Baldwin,  of  Princeton 
'University.  i2mo.  Cloth,  $1.50  net;  postage,  x 2  cents 
iadditional.  .     ' 
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-*'  A  book  for  parents  to  read  and  ponder  over  with  care  and  mental 

diligence." — Chicago  Tribune, 

"  Not  al6ne  does  the  work  tnake  an  appeal  to  the  strictly  scientific. 
The  general  reader  will  find  in  it  absorbingly  interesting  facts,  pre- 
sented in  a  way  which  may  prove  of  practical  use"-'^Boston  Advertiser, 

"A  very  valuable  book.  The  results  of  Professor  Groos's  original 
and  acute  investigations  will  be  especially  appreciated  by  those  who  are 
interested  in  psychology  and  sociology,  and  they  are  of  great  impor- 
tance to  educators." — Brwfkfyn  Standard  Union, . 

The  Play  of  Animals. 

By  Karl  Grogs.  Translated,  with  the  author's  co' 
operation,  by  Elizabeth  L.  Baldwin,  and  .edited,  with  a 
Preface  and  Appendix,  by  Prof.  J.  Mark  Baldwin,  of 
Princeton  University.     12010.     Cloth,  $1.75. 

"  A  work  of  exceptional  interest  to  the  student.'' — San  Francisco 
Argonaut, 

"  His  work  is  intensely  interesting.-  Both  nature. and  books  have 
been  ransacked  for  materials,  and  the  selection  shows  a  trained  intelli- 
gene :  of  the  highest  order  in  observation  and  acumen." —  The  Jnde- 
ftenderJ, 
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